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ANLEY traffic. The sites chosen for the stations of the Congo 
MS. Association occupied but small pieces of land, not 
Ir is announced that the King of the Belgians, Presi- | much value to the natives; and, in every instance, there | 
dent of the International Association of the Congo, has | was a fair bargain fora stipulated price or rent; the 
conferred the appointment of Governor of the Free whole proceeding was conducted with formal public | 
State upon Mr. Henry Moreland Stanley, the bold ex- | deliberation before the assembled heads of the tribe. 
plorer and successful administrator by whose labors More than four hundred tribes were induced, by the! 
that region has been won to geographical science and | sincere and benevolent diplomacy of Mr. Stanley, to 
to the influence of civilization. We have engraved the | give their assent, in some cases their active assistance, 
characteristic and spirited portrait of Mr. Stanley, by | to the advancing operations of the Association; they 
Mr. F. Moscheles, which is exhibited at the Grosvenor | readily engaged to allow European trade, to keep the 
Gallery, representing him in his working dress usually | peace with each other, and to make the Association 
worn by him in Africa. A review of his last published | their arbitrator in disputes between the tribes. Those 
book, the two volumes entitled ‘ ‘The Congo, and the | people of the Congo are, in fact, keenly alive to the ad- 
Founding of its Free State, a Story of Work and Ex-| vantages of trade, greedy of gain, and extremely sharp 
ploration ” (Messrs. Sampson, Low & Co.), appeared in | and cunning. Mr. Stanley often found himself 
our columns several weeks ago. | obliged to pay or give very much more than he had in- 
Mr. Stanley is a native of Denbigh, in Wales, born in | tended; and the attempts that were made to cheat him, 
1840. He went young to the United States of America, | or indirectly to thwart his plans by some false pretense 
served in the civil war, and was one of the special cor- | or deception, are very amusing to us, but must at the 
respondents of the New York Herald, traveling for that | time have been vexatious to him. We can only think 
journal in Spain, in Abyssinia, in Arabia, Asiatic Tur- | it creditable to his diseretion that he managed to suc- 
ey, and Armenia, previously to 1871, when he was in- | ceed in every important point, with one or two brief 
vited by the proprietor, Mr. J. Gordon Bennett, to | outbreaks of causeless 10tal hostility, when he stood 
undertake an expedition in search of +8 —~ seee «they the defensive, and there was very little 
in the region of Lake Tanganyika. ‘‘ How ounc oodshed. — 
Livingstone,” which was the title of his narrative pub-| Returning, in the early part of 1884, down the Congo 
lished in London when he arrived here in 1874, is a tale | from Stanley Falls, and having witnessed, on the up- 
of great interest; and many of us remember the feel- | per river, frightful _cruelties and enormous devastation 
ings of painful anxiety for Livingstone’s fate which attendant on the kidnapping raids of the Arab slave- 
were relieved, for a time only, by Mr. Stanley’s success- | traders, Mr. Stanley arrived at Vivion April 24. He 
ful exploit; but Livingstone, having been supplied with | found the affairs of that station in a very unpromising 
fresh means, chose to continue his task of exploring | state, owing to the negligence and incompetence of 
the lakes and rivers of the interior, and died on the | some European agents and superintendents, who were 
shore of Lake Bangweolo a few months later. In 1876, | not of his own selection. There had jbeen great waste 
the proprietors of the New York Herald and the Daily | of the company’s property, as well as waste of time; and 
Telegraph of London jointly sent out an expedition, | Mr. Stanley, who was personally animated by strong 
condueted by Mr. Stanley, to complete the explora- | feelings of duty and honor, might well be indignant. 
tions which Livingstone had begun, examining the con- | He soon put matters right, and then, leaving all the 
nection between Lakes Bangweolo or Bemba and Moero, | stations in charge of trustworthy men, returned to 
by the rivers Luapula and Lualaba, with the streams | Europe, arriving at the end of July last year. 
farther to the north, partially known in the neighbor- He gave lectures on the commercial resources of the 
hood of Nyangwe, a town frequented by Arab traders. | Congo during the autumn months, while friendly 
Mr. Stanley then determined to follow the unknown | diplomatists, above all the powerful German statesman 
river below Nyangwe, and embarked on it with a flg.| Prince Bismarck, took up the question of creating a 
tilla of boats and canoes, by which he pursued an | neutral Free State in that region, as the alternative of 
adventurous navigation of 1,600 miles, finding ultimately | permitting it wholly to become a Portuguese dominion. 
that this river was the Congo, and that it flowed to the | The actual and historical rights of Portugal really com- 
Atlantie Ocean, making a huge bend, north of the | prised little more than a portion of the south or left 
equator, and turning in a southwesterly direction. | bank of the Lower Congo, from the seacoast up to Noki, 
This grand geographical discovery, which is described | and a small detached piece of the coast further north, 
in his book, “‘ The Dark Continent,” published after | from Cabo Lombo to Massabe, leaving the north bank 
his return to England in 1878, was enough to secure its | of the river and some of the coast free to be occupied 
author’s permanent renown; but his account of the | by the International Association. North from about 
Congo had excited in Europe a strong desire to attempt | Massabe, the French had already taken possession of 
the opening that great river to commercial coloniza-| the coast, with a largeextent of the interior, embrac- 
tion. King Leopold I1., acting not in his political eapa- | ing the right bank of the Congo above Manyanga, up 
eity as a sovereign, but devoting large sums of money | to within one degree of latitude south of the equator. 
from his private fortune to the work, took the lead of | These claims, resulting from the explorations of M. De 
an association composed of Belgians, Dutch, Germans, | Brazza and his arrangements with some native chiefs, 
Frenchmen, Englishmen, Americans, and others to! could not be resisted by the International Association. 
prosecute thisimportant object. There were originally | But Prince Bismarck, desirous of aiding the Association 
two associations, one called the ‘Comite d’Etudes du | for the sake of German trade, proposed to France the 
Haut Congo, in some degree of co-operation with each | holding of a 4 Conference, which was assem- 
other, and both founded by King Leopold, which were | bled at Berlin in November to settle every territorial 
afterward amalgamated, Colonel Strauch being the | question, and to decree resolutions for the free naviga- 
secretary, with the peo end at Brussels. Repre-| tion and traffic of the Congo. At the meetings of this 
sentatives of Austria, I , and Russia joined the In-| Conference, which ended on Feb. 26, Mr. Stanley 
ternational Society, and é@mmittees in many European | attended as “ technical adviser,” attached to the 
cities and in the United States assisted in raising sub- American plenipotentiaries. The French, British, 
scriptions. | German, Austrian, Belgian, Russian, Italian, Portu- 
Mr. Stanley, during the year 1878, was consulted on | guese, Spanish, and other Governments were repre- 
the plans, and‘engaged to carry them ‘out by an expe- | sented by their ambassadors, aided by special delegates 
dition to proceed from the west coast of Africa up the | and experts. They consented, one after another, 
Congo, to select sites for the stations, entering into | formally to recognize the International Association of 
friendly negotiations with all the native chiefs of tribes, | the Congo asa new State, and conventions were made 
and to form establishments for peaceful trade. He first, | by it with France and Portugal, relating to exchanges 
however, went to Zanzibar, on the east coast, in order| of territory, which were satisfactory to Mr. Stanley 
to settle affairs which had previously been commenced 


there by other agents of the Association, and to obtain | 
the services of a sufficient number of trusty men of the 
same class as his followers in the expedition of 1876 and 
1877. In August, 1879, having collected the men and 
stores at the mouth of the Congo, at Banana Point, Mr. 
Stanley began the difficult and highly responsible un- 
dertaking on the waters and banks of that mighty river. | 
He had a flotilla of steamboats, built of steel, and made 
so as to be taken to pieces for occasional carriage over- | 
land; those which proved most useful were 42 ft. or 43 | 
ft. long and 7 ft. or 8 ft. wide, drawing 11 inches water, 
with engines of six horse power. He was ee 
by a dozen European officers, several of whom belonged 
to the Belgian army ; and he had sixty-eight Zanzibar 
men, who were armed and drilled as soldiers. This 
number was afterward nearly doubled. Ample stores 
for the personal wants of the party, with tools for build- 
ing and road making, and quantities of cloth and 
other manufactured goods to trade with, had been pro- 
vided for the expedition. 

We had previously $known Mr. Stanley as a coura- 
geous and persevering traveler, amid considerable 
perils as well as fatigues and hardships; but he now 

roved himself a very able administrator in the found- 

g and ruling of the new settlements, at Vivi, Ma- 
nyanga, Isangila, Leopoldville or Stanley_Pool, Bolobo, 
the Equator Station, and Stanley Falls, and in his 
dealings with the native tribes up the Congo. He was 
occupied in this work from 1879 to the end of 1883, 
spending menths at each of the stations, and personally 
directing every matter of detail with rare sagacity and 
energy, and with a force of will that seems to justify, 


France and to Portugal, on the western side of Central 
Africa, are of great extent and value; but the Free 
State, of which King Leopold is head, covers two-thirds 
of the whole breadth of Central Africa, as far east as 
Lake Tanganyika; while to the north, it approaches 
the confluents of the Upper Nile; and to the south, it 
is on the watershed dividing the sources of the Congo 
from the Zambesi. It has only a very little bit of sea- 
coast; but many hundred miles of the great river flow 
through its territory, which is rich in a variety of pro- 
duets affording good mercantile profit. The: present 
| disposition of the natives seems all that could be wished; 
| and we doubt not that, while Mr. Stanley is Governor, 
the Congo Free State may have a good chance of pros- 
perity, and its administration may benefit the general 
interests of mankind.—J/lustrated London News. 


OIL WELL HISTORY IN BRIEF. 


THE first large strike of petroleumin Pennsylvania, 
and one which attracted the attention of the world at 
the time, was the Hamilton McClintock well, two miles 
north of Oil City. Petroléum was first discovered in 
the Keystone State in 1859. It was in January, 1860, 
that the McClintock, the father of oil gushers, was 

| brought to public notice. The first day’s output was 
chronicled at 2,160 barrels. The owners were not 
prepared to take care of the oil, and thousands of bar- 
rels were allowed to run to waste. Thousands of strangers 
from all parts of the country visited the well, which 
was the wonder of the day. 
| In September, 1861, the oil fever reached its height. 
as a metaphor, the name which the natives gave him, | It was then that the immense wells which brought 
Bula Matari, ‘‘ the Breaker of Rocks.” Thenaime, how-| Pennsylvania petroleum into such universal notice 
ever, was intended literally enough to commemorate | were opened. In September, Oil Creek developments 
their astonishment when they saw him, at Vivi, teach- had progressed as far as the Tarr farm, one of the | 
ing his men to use sledge-hammers in reducing large | prolific strips of territory ever discovered. At adepth 
bowlders to the smali fragments of stone used as/ of 1,000 feet the Phillips No. 2, or the Dom Pedro well, 
‘** metal” in making a proper artificial road. They had, | as it was called, struck a perfect geyser of oil, and dur- 
of course, no idea that anybody could ever require to | ing the first day gushed cut over 4,000 barrels of petro- 
do such a thing; for they had no more notion of a|leum. For weeks the well spouted a river ofoil. Then 
wheeled carriage than the inhabitants of some districts | an army of speculators from all rts of the Union 
in Great Britain had a few generations ago. rushed to the region, attracted thither by the enor- 

Mr. Stanley’s road-making, and his labors in convey- | mous wells and the high prices of oil. ree weeks 

ing steamboats and stores over long stretches of rough | later the country went wild over another huge strike. 
and hilly country, where the navigation was stopped | The Empire well, which was within gunshot emg of 
by the rapids, between Vivi and Leopoldville, seem to| the Dom Pedro, gratified:its owners by spouting for a 
have been the hardest part of his enterprise. All this | long time 2,500 barrels of oil a day. Lumber and labor 
rouble is to be spared in future by the construction of | were high, pipe lines were unknown, and storage tanks 

ne or two short pieces of railway, ata cost of a million | were few and far between. Yet. the excitement grew 
and a half sterling, with certainty of much profitable fiercer and fiereer, Everybody who had any capital 


and his principals. The dominions finally assigned to | ago 


invested it in oil property, which at that time com. 
manded fabulous prices. Immense fortunes were some. 
times made inaday. Owing to the lack of sto 
and transportation facilities, producers were unable to 
take of the 

On August 3, 1865, oil was selling for $5.50 a barre 
the wells. Upto that date the Noble & 
Jumbo had poured forth 118,000 barrels of oil, worth 
at that time $354,000. 

In February, 1864, the oil kings sold their mone 
maker for $220,000 spot cash. Up to that time the wel] 
had produced 308,473 barrels. At 50 per barrel 
which was less than the averge price, the produet of 
the gusher while in the hands of Noble & Delemater 
was valued at $1,062,155. 

The Tarr farm district lingered along until 1865 
when its production was less than 1,000 barrels. It did 
not decline so rapidly as Cherry Grove and Thorp 
Creek, for the reason that fewer wells were drilled 
and, besides, that sand destroying nitro-glycerine was 
then comparatively unknown. The Tarr farm made 
its owner one of the wealthiest men in the Union. Old 
man Tarr has been dead these many years. The for- 
tune which he left to his children enriched his lawyers, 
One of his sons, James Tarr, is at present traveling for 
a New York commercial house. He is a poorman. The 
little money he managed to wrest from the lawyers 
was lost on the market. 

From 1865 to 1872 the phenomenal Pithole district 
was the Mecea of the oil country. Once Pithole had 
30,000 inhabitants, two daily newspapers, a dozen fine 
hotels, a model opera house, a score of faro banks, and 
a big policeforee. To-day not a vestige of the once 
famous town remains. 

One of the largest wells struck in that district was 
the McLaughlin, which for weeks averaged 1,500 bar- 
rels a day. The Modoc field, another short-lived pool, 
gave birth to two wells which started off at 1,500 bar- 
rels aday each. 

The Bullion district had more than its quota of 
gushers. This pool was brought to public notice by 
the celebrated Bullion well, which made a humble be. 
ginning, its production at the outset being less than 
20 barrels an hour. When the well was agitated, its 
agp ne ran up to 1,000 barrels per day. It was 

he entering wedge in a vast new field. In June, 
1877, the drill in the Bullion district brought to light 
the famous Big Injun, which overflowed its tankage 
and nearly drowned out a mountain stream by the vio- 
lence of its flows, which exceeded 3,500 barrels per day. 
The gusher ceased to gush on June 29, but was tem- 
porarily revived by a big torpedo, and commenced 
flowing again at the rate of 1,000 barrels per day. 

Clarion County, too, had its oil gushers. The Hun- 
ter & Cummings well at St. Joe for several weeks pro- 
duced 1,500 barrels per day, while the Lady Hunter 
thought nothing of throwing out 1,200 barrels every 
twenty-four hours. 

Cherry Grove, which represents the blasted hopes of 
hundreds of operators, had few really large wells. The 
king of the Cherry Grove wells wasthe Murphy No. 2, 
whose highest recorded output pas 3,460 barrels. The 
famous Mystery well, No. 646, was content to do 1,000 
barrels a day. 

These were the large wells of early oildom. The 
average oil well does well if it averages anywhere be- 
tween 20 and 400 barrels a day. 

Prior to September, 1884, Thorn Creek was unknown. 
Thorn Creek, after which the field is named, is a slug- 
gish and serpentine stream environed with picturesque 
seenery. After winding its way through hills and val- 
leys for five miles, it loses,itself in the Connoquenessing 
Creek, six miles southwest of Butler. All the present 
developments, which are located on the right bank of 
the stream and recede northward, are confined within 
a radius of three miles. 

Col. 8. P. Armstrong, says a Butler correspondent 
of the Sun, was a penniless adventurer eleven months 
. To-dayheisarich man. He drilled a wildcat 
well in August last on the Marshall farm, in Butler 
County, and was the actual discoverer of the now 
famous Thorn Creek field. Mr. Armstrong met with 
many reverses. His rig burned down after oil was 
struck, and for days the country was treated to the 
spectacle of a burning well. The burning oil which es- 
caped from the well baptized Thorn Creek as with fire, 
and made it famous. Aftera new rig was built, the 
well produced 160 barrels a day, and is still a good pro- 
ducer. Armstrong’s lease of fifty acres has since yield- 
ed over 100,000 barrels of oil. 

A few days before the Armstrong well was burned, 
Thomas H. Phillips leased the adjoining farm. He locat- 
ed a well fift s in advance of the Pioneer, and 
struck one of the biggest fountains thas ever gushed 
petroleum. ‘The Phillips well, which poured out a 
stream of oil as thick asa man’s arm, averaged 4,500 
barrels when in its prime, and produced in all over 
250,000 barrels of oil. To-day the well is producing ab- 
solutely nothing. 

One of the greatest of the gushers did not put in an 
ong until several weeks after the striking of the 
Phillips. It was the Christie No. 1. During its first 
day’s existence the well produced by actual measure- 
ment over 5,000 barrels. After the well was shot, its 
output for several days exceeded 7,000 barrels. For 
thirty days a sea of crude oil gushed from its bowels. 
Then it began to decline, and to-day is numbered with 
the things that were. In one month it put 52,000 bar- 
rels of oil into tank. 

The most remarkable well drilled in the field was 
the Armstrong No. 2. The drill passed through 45 feet 
of sand rock, and entered the slate. The hole filled with 
salt water, but there was not even as much asa sie 
of oil. Asa last resort it was determined to shoot the 
well with forty quarts of glycerine. On October =‘ 
the explosive was lowered into the hole, and at noon 
the “go-devil,” which exploded the torpedo, was 
dropped. There was a slight rumbling noise, but the 
well made no immediate response. It took the shot 
fully twenty minutes to get in its work. The slight 
rumble increased until it sounded like a park of artil- 
le Then acolumn of salt water shot out of the have 
followed by a shower of dirt, slate, and pebble, whie 
in turn gave way a moment later to a stupendous flow 


of oil, which climbed fifty feet over the top of the der- 
rick, forming a shower of rich golden and greasy SPY; 
which baptized the trees, saturated the clothes < 
scores of spectators, cut deep furrows into the hillside. 
and  * drowned out the limpid waters of 
t was the Czar of all the gushers, 
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ninth wonder of the oil trade. The'spectacle when the 
well was opened was grand and impressive. Mr. Arm- 
strong had his wish gratified; his well had struck a 
jake of petroleum. It took several hours to adjust the 
eap on the casing head,and in the interim over 3,000 
parrels of oil ran to waste, The well gushed 9,000 bar- 
rels into tank duringits first day’s career, and kept up 
its terrific pace tor four days. Then the well began to 
decline, and a few weeks later refused to flow alto- 

ther. Every few days, now, the pumps are set to 
work, and a small quantity of oil is obtained. 

The oil reservoir which the Armstrong tapped did 
not last long, but the well, when it quit work, had en- 
riched its owner to the extent of over 150,000 barrels of 
oil. Few other oil wells have left behind such a re- 


“Col. Armstrong was not the only man who made 
money on that venture. He subdivided the balance of 


production averaged over 9,000 barrels per day. In 
ay it receded to 7,000 barrels, and to-day is less than 
4,000 barrels per day. 


NAVAL ARCHITECTURE AT THE INVENTIONS 
EXHIBITION. 


THERE are three full-sized steamers shewn in this 
section, and two of these are exhibited by Messrs. Simp- 
son and Denison, of Dartmouth. It is needless to say 
that these craft are of the smallest order of steam ves- 
sel, and, indeed, we think the smaller of the two, 
which is not larger than an ordinary yacht’s dingy, 
isthe most diminutive practicable steamer we have 
ever seen with compound surface-condensing ia- 
chinery. The other vessel isa 21 ft. yacht’s steam gig 
which has a _ of Kingdon’s compound engines, a 
type Messrs. Simpson and 


trations, self-contained and are mounted on one bed- 
late, so that they may be lifted out bodily when the 
tis to be hoisted to davits. The boiler is vertical 
and has a large firegrate, so asto burn the required 
amount of coal with natural draught; a somewhat dif- 
ficult operation in small boats, where the funnel must 
necessarily be low. The engine is arranged tandem- 
wise, the high pressure cylinder being 2 in., and the 
= pressure cylinder 5 in. in diameter, the stroke being 
in. 
here is but one slide valve, and this works ina 
valve-chest, which is common to both cylinders. The 
exhaust steam from the high pressure cylinder is car- 
ried to the low pressure cylinder through a port in the 
back of the slide valve, and it is claimed that the tem- 
ae oa of this steam is maintained during its p 
y the live steam in the valve chest. This is no doubt 


nison have made especially | true, but we have always thought that it was bad policy 


Tit 


21-FT. GIG AND ENGINES AT THE INVENTIONS EXHIBITION. 


his lease into five-acre lots, for which he scooped in 
i per acre bonus, and half of all the oil produced. | 
Mewars Conners & Fishel drilled two wells on the Arm- | 
} ry lease, which produced in their short career near- 
barrels of oil. Messrs. Miller, Yeagle, Green- 
the tibson, Gagahan, and others who sub-leased from 
e Colonel, grew rich through their speculation. 
. he most valuable and prolific slice of land in all | 
‘orn Creek is known as Hell’s Half Acre. 
wellon the half acre has up 


Thorn Creek reached its maximum daily yield on 
een af 1884, when it poured out 15,644 barrels. One 
After that the drainage which was eating out the life 

© pool began to get in its fine work, and ever since 


then the output has steadily declined, ‘In April, the 


One soli- | 
pas to date produced notably the noise of exhaust steam and the sprinkling of 
er 30,000 barrels of oil. It is owned by the Associated | 
roducers’ Association. 


aterthe field was producing 14,264 barrels. | 


their own. This boat is suitable for carrying ona 
yacht of 60 tons and upward, and if properly looked 
after should prove a most charming addition to a vessel 
used for pleasure cruising. The pleasantest part of 
yachting is, to many, the exploration of rivers, inlets, 
and creeks, or ‘‘ potting” about among friends’ vessels 
at regatta time. For this purpose nothing can be more 
delightful than such a boat asthe one in question. 
Having a surface condenser does away with many evils, 


soot and water with which passengers are so frequently 
anointed in “ high pressure ” launches. 

We give in Figs. 1 and 2 two views of the boat shown 
at the Exhibition, and in Figs. 3, 4, and 5 on the same 
page three views of the engine. 
clinker-built of mahogany. She is open throughout, 
and fitted with thwarts like an ordinary yacht’s 


The boat itself is | engines already on the line. 


ig. | Aspinall has got a more 
The engines and boiler are, as may be seen by the illus-| than was before built at L 


Fig. 3 
| 
it | 
# \ 


to rob the steam from the boiler of any of its heat be- 
fore it entered the high-pressure cylinder. 

The feed and air pumps used by Messrs. Simpson and 
Denison are of a spocialt ype. They have adopted the 
outside pipe condenser, with which we are aware they 
have got very successful results. Probably this is 
mainly due to the excellent design of pumps ee. 
referred, to, and we think it possible that with ordi- 
nary pumping gear this type of condenser might not 
prove so successful. The pumps made by this firm ap- 
pear to be unfailing in their action, «nd those who have 
run sinall surface-condensing machinery where any 
yb mpd lubrication is used will recognize how very far 
this goes to constitute success in boat machinery of 
this type. 

Steam is carried in both the cylinders of Kingdon’s 
engines for nine-tenths of the pres fon the expansion be- 
ing obtained by the difference in the size of the two 
eylinders. In this waya more uniform effort on the 
erankpin is got, a point of considerable advantage 
when there is only one crank. At the same time it is 
poner hardly correct to describe this engine as a com- 
pound engine; at any rate, there is not present the 
great advantage of the compound system, which is the 
reduction of the range of temperature of steam acting 
in any one cylinder. 

The propeller, it will be seen, is carried abaft the 
rudder, and just outside the stern tube there is a uni- 
versal joint in the shafting. The after end of the short 
length of propeller shafting is carried in a bearing 
which is at the end of the connecting rod shown, the 
latter in turn being attached to a lever, the fulerum of 
which is on the rudder head. The rudder itself is 
made of two sheets of metal spaced an inch orso apart, 
and by pressing down on the lever the propeller shaft 
will rise in the division between the two plates. In this 
way the propeller can be lifted when the boat gets into 
shallow places, but at the same time a good immersion 
is got for the screw when there is plenty of water. The 
movement of the rudder also moves the propeller in a 
horizontal direction, so that additional steering power 
is obtained, on the principle of the Kunstadter rudder, 
in which, it will be remembered, a small auxiliary screw 
was placed abaft the rudder in a somewhat similar 
manner. Messrs. Simpson and Denison have provided 
what has long been wanted for yachting work, viz., a 
practicable surface-condensing engine for small vessels, 
and they quite deserve the very substantial success 
they have achieved.— Hngineering. 


PASSENGER ENGINE, GREAT SOUTHERN AND 
WESTERN RAILWAY, IRELAND. 


WE illustrate one of several new engines with 6 ft. 6 
in. drivers, constructed by Mr. J. A. F. Aspinall, loco- 
motive superintendent of the Great Southern and 
Western Railway, for working the passenger traffic of 
the line. The foot-plate is shown on page 8060. Mr. 
Aspinall, it will Be remembered, succeeded Mr 
Macdonall as locomotive superintendent at Inchicore, 
when the latter gentleman went to the North-Eastern 
Railway. Mr. Aspinall does not lay claim tothe design 
of this engine we illustrate as a whole, because he has 
carefully made every part interchangeable with other 
The working parts also 
interchange with the goods and although 
»owerful passenger engine 
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FOUR-COUPLED PASSENGER ENGINE, GREAT SOUTHERN 


three classes of engines on the line. The arrangement 
for the vacuum brake is one introduced by Mr. Aspinall, 
which gets rid of useless piping. The ejector is placed 
in the smoke-box, and bolted on to the cylinders, 
round whieh air passages are cast. These passages are 
continued te the back end of the cylinders; from these 
run two pipes to the engine foot-plate. A flap valve is 
placed in the pipe near each cylinder in a position in 


which it can be readily got at, and one in which it is | 


prevented from freezing up in the winter. At the 
foot-plate the pipes are cast in, thus getting rid of a 
number of joints liable to leakage, and making a neat- 
looking arrangement. The old method of running the 
Ee along under the outside foot-plating was bad, 
pecause if an outside rod broke, all the piping was 
knocked away, and the brake rendered useless. 

From the end view of the footplate it will be seen 
that two glass water-gauges are fitted, a Shendley’s 
speed indicator, and a duplex vacuum gauge, with 
other ordinary fittings. 


Cylinders— 
Distance apart between centers...... 2 ft. 615 in. 
Length of ports........ «+. coos. 1356 in. 
Width of steam port.... .........4+. 14 in. 
Width of exhaust port..... ey Cee 34 in. 
Lead of slide valve, full gear.......... 4 in. 
Travel of valve, full gear........ .. . 3% in. 
Motion— 
Throw of eccentrics........... 23 in. 
Diameter of piston-rods.............. 3 in. 
Length of connecting-rod between 
Length of eccentric-rod between cen- 


AND WESTERN RAILWAY OF IRELAND. 


Wheels— 


Boiler— 


Diameter of driving wheels........... 6 ft. 6 in. 
Diameter of trailing wheels... .. Gin. 
Diamater of bogy wheels...... 
Distance between centers of bogy 

5 ft. 3 in. 
Distance between centers of bogy and 

-.. Oft. 68 in. 
Distance between centers of driving 

and trailing wheels........... oo oo. Oft. Sin. 
Width of tires ........... 
Thickness of Bin. 
Length of barrel .. .........- ft. 944 in. 


Diameter of barrel inside at middle.. 4 ft. 3 in. 
Thickness of plates of boiler shell.... 4 in. 
Thickness of smoke-box tube plate. . . Sin. 
Length of fire-box casing outside..... 3 ft. 5 in. 


OF IRELAND. 
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Boiler— 
Width of fire-box casing outside 
Depth below center line of boiler 
Height above center line of boiler. ... 


4 ft. 6 in. 
5 ft. 2 in. 
2 ft. 3 in. 


Thickness of plates..... + in. 
Frames— 

Distance apart of frames............. 4 ft. 7 in 

Thickness of frames............... lin, 

Distance apart of bogy frames ...... 4 ft. 64 in. 

Thickness of bogy frames........ . 4 in. 


Fire-box— 


SEPreMBER 5, 1885, 


Although steel has been made from remote ages, it Krupp—remarkable for its excellent steel, which soon 
was only about 25 years ago employed on a compa- attained a wide reputation, as shown by the fact that 
ratively small seale for such articles as tools, knives, | in 1865 England ordered from this firm, for her own uge 
swords, springs, ete., and from the expenditure of time | and that of her colonies, no less than 11,396 tires and 
and fuel on its manufacture, it was necessarily an ex- | 564 axles for railway purposes.* Krupp early applied 
pensive article; but the inventions of Bessemer, Sie- his steel to the manufacture of ordnance, and he hag 
mens, and others have resulted in the production of a} supplied several nations with guns. Germany depends 
class of “mild” steel in large quantities, moderate in| greatly on this maker for her ordnance, but the Aimerj- 
price, suitable for various purposes of construction, | can officers do not consider this a wise arrangement, ag 
and surpassing wrought iron in all, or almost all, of its| the government may find it difficult to deal with 
od qualities, Of late years competition in the trade | single private firm in times of great emergency. 
| fas led to numberless improvements, and great eco-| Fourth in magnitude comes France, with her welj- 
|/nomy in manufacture, especially in the amount of fuel | known Le Creusot, Terre Noire, and other works. The 


| 


= 


Length of fire-box at top, outside.... 4 ft. 10%) in. 
Length of fire-box at bottom, outside 4 ft. 11 in. | It may be interesting to notice the proportion of iron 
Width of fire-box at top, outside . 3ft. tin. | and steel annually produced (in 1882, for example) in 


consumed. 


first, with its massive plant and 100-ton hammer, hag 
produced steel armor-plates of excellent quality; while 
the second has, after many difficulties, attained great 
success in steel castings, and in the manufacture of 


Width of fire-box at bottom, outside. 4 ft. 
Height of fire-box... 5 ft. 94% in. 


}each country.* We are at once struck by the eet 
| feature that Great Britain is far ahead of all others in | steel projectiles. Although the loss of Alsace has told 
| quantity ; in faet, excluding the United States, her | heavily on the production of iron and steel by France, 
| and though half her ores are imported, her progress is 
| world put together; but other nations are also now | certainly very good, especially in the steel required for 
| making good progress. With regard to quality, the repu- | warlike purposes, as after the war of 1870 the French 
| tation of English iron and steel is deservedly very high; Government encouraged private companies to such an 


Thickness of plates .. .........--- fein. 
Thickness of tube plate.............. tin. & y& in. | production probably exceeds that of all the rest of the 
Tubes— 
204 
9 i . . 
Length of a be — plates ..... 10 ft. iM. | the great majority of modern improvements in manu- | 
Diameter of tubes outside............ 1 in. ‘facture are due to English inventors, practically de- 
Thickness of tubes........... OF 116. w.g. 
Diameter of blast nozzle.............. 44 in. 
- are glad of English assistance. Llron ores and good | quality. 
Inside diameter of chimney at top.... 1414 in. 


Inside diameter of chimney at bottom 154 in. 


Bogy springs— ing trade gives facilities for the plentiful supply of 
Description Volute good ores from Spain and pig iron from Sweden for 
Depth of spring Steines tas botcis seas 104 in. modern steel making, as well as for the export of manu- 
Diameter of spring....... .- vekuce a factured iron and steel to foreign customers. The 
Thickness of plate. in 

Driving and trailing springs— Pia. 1. 

104 in. 1882. 
Diameter of spring 534 im. 
Thickness of plate in 


extent that several can produce the largest steel ingots, 
others have the plant of a gun factory, and others 


| veloped by English makers, and many foreign firms ain are able to produce armor plates of excellen 


The American officers consider that France 


coal, as well as materials for fire-bricks and fluxes, are | has made better arrangements than other nations be- 
| found abundantly in our island, while our great carry- | tween the government and the steel makers. 


Belgium has good —— of coal, but having ex- 
hausted her own ores, has to import for the manu- 
facture of steel; nevertheless she has made good pro- 
gress, especially considering the means at her disposal, 
and she enters keenly into competition with England 
in certain departments of the trade. 

Austria, though formerly celebrated for metallurgical 
manufactures, and possessing excellent ones, has been 
unable to keep pace with other countries in the pro- 
duction of iron and steel. The want of coal, and of 
easy communications, and perhaps the lack of organ- 
ization and capital, have proved hinderances to de- 
velopment. 

Russia possesses excellent ores in the mountains of 
Siberia and the Ural, but the want of good means of 
transport and of coal prevents a large manufacture; 
but mild steel has been made since 1876, and the pro- 
duction for military purposes is now considerable. The 
Russian Government seems anxious to supply itself 
with steel; armor and guns up to 50 tons are now made 
in Russia; formerly Krupp supplied ordnance. 

The best Swedish pig iron is of capital quality, as 
the ores from which it is produced are very pure, and 
the charcoal employed as the fuel in smelting being 
free from sulphur does not containinate the cast iron; 
but the want of coal limits the supply. 

Spain cannot be called a manufacturing country; but 
the Bilbao ore has lately been very largely used in 
steel making; 20 years ago hardly any foreign ore was 
used in England; now we annually import about 


Fre. 2. 


Scale of Millions of Tons for Figs. ., 2, and 3, 


The production of iron and steel by the countries of 
world in 1882. 


the 
3. 
| al | 
FOOT PLATE OF G.8. AND W.R. ENGINE. | 
Tubes (outside) between plates. ...... 988 sq. ft. 
Fire-box (outside), less ring at bottom, 1 “NS 
fire-hole, and tube-holes........... 113 ft. 
Total heating surface ............... 1,051 sq. ft. 
Fire-grate area . ....... 18% sq. ft. i #33. SEER 
Weight in working order— tons ¢. qrs. pa 3 sq 
39 10 Figs.1 steely Bpvroughtiron; C,casMiron. Fig Bessemer: C,crucitile; 0.27., open hearth. 
Empty— 
BOY... - nccevcccscrcrccccvecesess 12 10 0 resources of other countries are, however, being large- } 3,000,000 tons from Spain, and other nations also -_ 
Driving wheels. .............+. coos 12 15 0 ly developed. ply themselves largely. This country is consequently 
li 15 0 | Seeond on the list comes the United States, whose | important to the steel makers. 


rate of increase of manufacture is unexampled. he 
demand has hitherto been so great, to meet the won- 
derful development of the railway system, and other 
large works, that millions of tons have been sent from 
this country across the Atlantic, but the time has now 
come when the United States produces sufficient for its 
own wants. Its natural resources are very great, and 
it has excellent ores of great richness and abundance, 
| vast coal fields, calculated to last for centuries, and a 
A paper read | people full of energy. At first sight it may seem strange 
| that at the present moment steel for only an 8 in. gun 

MILD STEEL APPLIED TO NAVAL ean be —_ there, but this is simply because until 
MILITARY PURPOSES. lately there has been no demand for it. The colossal 

: ‘ | plant needed for heavy gun manufacture does not exist 

By Major G. MackinLay, R.A. | in Seneeton, where the heaviest eae one of 17 tons, 

HE statistics of iron and steel ggestive | while France has one of 100 tons, anc rupp is said to 

conditions of the be making one of 150 tons. Whitworth is now supply- 


In the middle of last | i 
century the amount made in England was about one | img the Government of the States with steel for 10 in. 
The United States have lately sent a Gun 


five-hundredth part of what it is at present; the amount | 
imported was more than that manufactured at home, | Foundry Board to make inquiries in Europe concern- 


while now we annually export millions of tons; the last |iM@, the manufacture of steel for military purposes: 
few years have shown a striking increase in the world’s ‘heir report has been published, and contains most 
annual production, though great fluctuations have valuable information: a supplement, submitted to the 
occurred; the amount produced has risen from some | Senate December 22 last, gives plans of two pro 1 
1044 million tons in 1869 to about 21 millions in 1882— | SU" factories, one for the army and the other for the 
an enormous increase, due to the vast development in|®@VY- Besides certain annual expenses, it is estimated 
the use of iron and steel for ships, railways, bridges, | that a sum of 7,000,000 dollars will last for six and a 
buildings, machines, ete. Apart, however, from the | #lf years (including the plant required); it is thought 
increase in the total quantities, we notice (Fig. 1) that | that at least two years will be required to equip the 
cast iron, wrought iron, and steel have not increased | {@ctories. : 

uniformly, but the last has far surpassed the others in| Next on the list of producers comes Germany, which 
the rate of its growth, having multiplied some 12 times | POSS€88e8 the largest manufactory in the world—that of 


in the 13 years under consideration.* 
* Vide President's address, Iron and Steel Institute, 1883. 


The gauge, 5 ft. 3 in., gives the designer of Irish loeo- 
motives splendid opportunities, and of these Mr. 
Aspinall! has availed himself, and produced an engine 
handsome to look at, well made, and thoroughly suited 
to the work which it has to do.—7'he Engineer. 


[From JournnaL or THE Roya. Service 
before the Institution, January 30, 1885.) 


AND 


Steel Institute, 1883. 1, and several 


*Vide Journal Iron and Fig. 
others, are reproduced from Proceedings R. A. Institution. 


Italy has hardly any iron or steel works; the Elba 
ore has long been famous, but is not so important as 
formerly. The huge armor-clad ships of Italy, with 
their very heavy guns, have, however, called for large 
supplies of mild steel for warlike purposes from abroad, 
and they have contributed not a little to the develop- 
ment of some of our private firms for producing heavy 
war material. According to the Standard of 27th in- 
stant, the firm of Sir W. Armstrong and Co. has ob- 
tained a coneession for establishing large factories 
for making guns and armor-plates in the neighborhood 
of Naples. 

The other nations of Europe produce but little iron 
and steel, and they are chiefly supplied from those al- 
ready named. In the other countries of the world 
considerable progress has been made, as also in some 
of the colonies; the establishment of a gun foundry at 
Quebec is under consideration; and in many places 
large supplies of ore are available. 


Steel—its Definition and its Properties. 


Steel is by no means easy to define, since it is a com- 
plex body, and as all persons are not exactly agreé 
concerning the difference between it and iron, lawsuits 
have consequently arisen; but the definition of mild 
steel given by Holley, quoted in the Royal Gun Fae 
tory Treatise, that it is ‘an alloy of iron, cast, while 
in a fluid state, into a malleable ingot,” has, at any 
rate, the advantage of simplicity, if not of perfect 
exactness.+ This definition serves to distinguish it from 


* Vide “Steel,” by J. S. Jeans. 


+ “ Homogeneous iron” and “ingot metal’? are names sometimes 
instead of mild steel. Blister steel which has not been melted 


| course be included in this definition, 
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cast iron on the one hand, and from wrought iron ou 

the other; as east iron is not malleable, but crumbles 

to pieces if heated and struck by the hammer,* and 

wrought iron, though malleable, is produced, not as a 

fluid, but as a pasty mass, the temperature of the ordi- 

nary furnace being insufficient to melt it. 

Wrought iron is more fibrous than mild steel, and it 
contains, from the method of its manufacture,+ an 
average of 3 percent. by weight, or 74g per cent. by 
yolume, of slag, dispersed through its mass in fine fila- 
ments, Which detracts from its strength; on the other 
hand, the process of fusion in the manufacture of mild 
steel gets rid of all traces of slag; { and this is a great 
advantage. Old definitions of steel stated that the pro 

ytion of carbon in it was more than in wrought iron, 
bat less than in cast iron; but this hardly holds good 
at the present time, when some mild steel has no more 
earbon than some wrought iron. Sir W. Armstrong 
states that “steel is iron produced by a process of 
fusion instead of by one of adhesion, and in that sense 
it is independent of any particular sense of carboniza- 
tion. Using the term in this sense, steel has the ad- 
vantage over iron in being free from defects in welding. 
It generally contains more carbon than wrought iron, 
which renders it stronger. It is also tougher under 
some tests, but more prone to fracture under others. 
_,. The manufacture of steel continues to improve, 
while that of iron is stationary. and the time is proba- 
ply near when the manufacture of iron, as now prac- 
ticed, will entirely merge into that of steel, as produced 
by the process of fusion.” § 

‘Taking Holley’s definition, carbon is the essential 
substance which alloys with iron to form steel; it in- 
creases the hardness, elasticity, and tenacity, though it 
decreases the elongation before fracture; it also gives 
rise to the important property of tempering by rapid 
cooling, by which these advantages can be increased, 
though with a further loss of power to elongate, as 
shown in Whitworth’s diagram of test pieces (Fig. 4). 
Annealing, or softening by slow cooling, may be called 
the reverse of tempering. The presence of carbon, 
however, greatly adds to the difficulty of forging, 
which must be done at a lower temperature as the pro- 
portion of carbon increases; if too hot, the mass will 
crumble to pieces under the hammer, or if this does not 
actually take place, the result will be to give brittle- 
ness instead of strength in the operation of forging— 
producing what is technically called “ burnt steel;” in 
explanation of this remarkable fact it can only be stated 
that some physical and (possibly) chemical change 
takes place in steel at a certain temperature depending 


* This plan is actually employed in the royal gun factory, in break- 
ing up parts of old cast-iron guns into pieces of convenient size for 
remanufacture (see Fig. r, Plate 1.). 

+ Vide lecture by Sir W. Siemens, F.R.S., Journal of the Royal United 
Service Institution, 1879. 

t The absence of slag probably accounts for the fact that steel resounds 
much better than wrought iron when struck. Steel bells have come into 
use on a considerable scale; a burst-open steel common shell was em- 
ployed as a gong in the experimental practice camp at Lydd in 1883. 

§ Vide Presidential address, Min. of Proc. Inst. C. E., vol. xviii. 
p. 46. 


on the proportion of the carbon present, which causes 
it to assume a coarsely crystalline structure, greatly de- 
creasing its strength and reliability; the forging of 
steel is consequently generally more tedious than that 
of wrought iron, which can often be heated to a white 
heat, when it becomes soft, and can then be quickly 
hammered into the required shape. At the beginning 
of modern steel making, the necessity for care about 
the temperature for forging was not fully recognized, 


Fra. 


culties of working we find Mr. Denny writing that ‘‘steel 
for ships’ plates has become so uniform as to have lost 
interest, while iron attracts attention from its deteriora- 
tion and want of uniformity, and the men complain 
if they are put to work upon it on account of the amount 
of spoilt work involved;’* and this is not an isolated 
opinion. It cannot be said, however, that the large 
masses of steel for guns are as yet produced with 
such uniformity. 


4 


WHITWORTH'’S TEST PIECES. 
Showing how increase of tenacity is attended by loss of elongation before fracture. 


STEEL. 
UNTEMPERED. TEMPERED. 
Cast WRovucaT With increasing amounts of carbon. 
> 3 3 2 > q > 

2 3 2 2 3 2 

£33 32 2 8: $2 3 
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ORIGINAL. 
LENGTH OF 


60- 


TENACITY /N TONS PER SQ. /NCH 


L 


$ 


oe ELONGATION PER CENT. 


N.B.—The thick ends of the test pieces have a rounded screw thread on them by which they are grasped in 


the testing machine. 


and “burnt steel” was often produced, accounting 
probably for many of the mysterious fractures which 
happened, and which gave reason for so much distrust. 
At Terre Noire especially, the men who had been ac- 
customed to deal with wrought iron could not under- 
stand for a long time that steel must be treated differ- 
ently, and experience was only gained at the cost of a 
good many failures. On one oceasion, the ordinary 
workmen were turned away, and carpenters who had 
to learn the work, but who would do what they were 
told, were engaged instead. 

So great, however, is the progress in some depart- 
ments of steel making, that notwithstanding these ciffi- 


Mild steel can be welded like wrought iron, but the 
operation becomes more and more difficult as the car- 
bon increases ; the 13 pr. steel axletree is consequently 
made in one piece without any weld; but wrought-iron 
axletrees are most conveniently made in two ape 
which are afterward welded together (see Plate, Fig. s). 
On the other hand, large quantities of excellent 
tubular steel are now produced by the process of lap 
welding. 

It is more difficult to cast mild steel than cast iron, 
because a more uniform result is required, and since 


* Vide Journal Iron and Steel Institute, 1884, p. 144. 


he.@ STEEL BAR DRAWN OUT AT ONE HEAT BY SUCCESSIVE 
POLLS TO LENGTH REQUIRED FOR SMALL ARM BARREL. 


ria. 5 RESISTANCE OF STEEL WROUGHT-IRON PLATES 
TO FIRE OF SMALL ARMS. 


Bar Steet. 
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FIG. MANUFACTURE OF ONE*INCH NORDENFELT 
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the temperature of fusion is so much higher (from the 
smaller proportion of carbon) much greater contraction 
takes place on cooling, giving rise toa variety of in- 
tense molecular strains, which are sometimes sufficient 
to tear the metal apart in the mould, and often cause 
surface cracks, telling of a state of strain which must 
be allowed for and counteracted as far as possible by 
suitable methods of cooling and reheating. a 
takes the greatest care on this point, making the coo 
ing of his ignots very slow indeed, keeping them warm 
with hot ashes sometimes for weeks; and they are said 
to be remarkably free from cracks or flaws. Annealing 
for several days is often resorted to in the case of steel 
castings. 

As simall differences in the of carbon 
make very great differences in the elasticity, tenacity, 
hardness, elongation, ete., it is most important to use 
every effort to control the quantity admitted into steel 
in manufacture, and it isone of the greatest aims in 
making steel for ordnance to obtain as nearly as possi- 
ble the desired proportion of carbon; for this purpose 
it ranges from about 0°25 to0°5. For the hard steel 
face of compound armor plates it may be as high as 0°8 
per cent. 

In all modern steel there is a considerable proportion 
of manganese; this is supposed to act in the same way 
as carbon in hardening, but its effect is not so marked. 
It is always added to melted steel in manufacture, in 
order (it is supposed) to take away ferrous oxide, which 
forms at a high temperature, and also, toa certain ex- 
tent, it may take away other impurities which would 
impart red shortness or brittleness at the forging tem- 

rature; as nanganese has an extraordinary affinity 
for oxygen, it is prepared for use as an alloy with ecar- 
bon and iron, termed spiegeleisen or ferro-manganese, 
according as the proportion of iron or manganese pre- 
dominates; both of these alloys are now important ar- 
ticles of commerce. 

When the manganese mixture is put into the liquid 
steel, some of it immediately attacks the ferrous oxide, 
deprives it of its oxygen, and becoming itself oxidized, 
runs harmlessly into the slag, leaving a certain small 
quantity of metallic manganese to alloy with the steel; 
this is the last operation before pouring out in the 
Bessemer and open hearth processes, so that no time)! 
may be given for the formation of any more ferrous 
oxide. Mild steel should not have more than 
about one per cent. of manganese, or it will be brittle, 
but itis generally best to have less than this quantity. 
Messrs. Hadfield & Co., however, have lately produced 
asteel having as much as 12 per cent. of manganese, 
which has shown remarkable qualities, and may per- 
haps become of practical utility in various ways. This 
alloy is very hard, but not brittle, and is searcely af- 
fected if heated and plunged into water; but consider- 
able variations have occurred in its properties. 

Silicon has the property of rendering cast steel ingots 
sound and free from blow-holes; small quantities of pig 
iron rich in silicon are often added for this purpose. It 
is supposed to deoxidize the carbonic oxide gas which 
forms the bubbles, and thus silica is produced, which 
enters the slag. Not more than about 03 per cent. of 
silicon should be present, and much less if the steel 
is to be of very mild quality (or brittleness will be 
produced). 

Sulphur and phosphorus (especially the latter) are 
the enemies of the steel maker, for if present beyond a 
very small amount (say 0°04 and 0°06 respectively), they 
produce brittleness; as a very large proportion of the 
ore deposits in the world contain too much phosphorus 
to allow them to be used in the manufacture of steel as 
it is generally carried on, it has long been a great 
problem to invent some process by which it could be | 
eliminated, and it appears that this has at last been prac- 
tically accomplished by the basic process, invented by 
Messrs. Thomas and Gilchrist, in which freshly calcin- 
ed magnesian limestone (dolomite) absorbs the phos- 

horus almost entirely when the metal is melted, and 

y this process good steel has been produced from 
highly phosphoric ores. The averages of analyses made 
in the North-Eastern Railway Company's laboratory 
by Mr. Routledge of twenty steel rails made from 
hematite iron, and of twenty others made from phos- 
phorie Cleveland iron by the basic process, give very 
nearly the same results. * 


| Phos. Man- | 


lets Sul 

Carbon. Silicon phur. | phorus. ganese Iron. 
Heematite steel. 0105 | 0121 | | 98-008 | 
Cleveland steel (0:00 OO | 98-134 


As far as present experience goes, the physical qual- 
ities of the two steels are said to be similar; basic 
steel has not yet, however, been employed for ord- 
nance. 

Although this plan was invented by Englishmen, it 
has been more widely adopted in some parts of the 
Continent (where phosphoric ores abound) than in 
England, where good ores are generally procurable 
from abroad if not close at hand; and the practical 
question now seems to be generally one of economy— 
whether it is better, according to local conditions, cost 
of carriage, etc., to employ an expensive ore and a com- 
paratively cheap method of of production, or a cheap 
ore and a somewhat more expensive process; as further 
experience, however, is obtained, the additional labor 
and expense of the basic lining plan may possibly be 
reduced. The results have been so good that it seems 
as if a new departure has occurred in the progress of 
steel making; already about a million tons of steel are 
manufactured annually in Europe from phosphoric 
pig, and the highest honors have been given to the in- 
ventors. It must, however, be stated that ores rich in 
silicon present some difficulty with this process, as the 
furnace lining is much corroded, and care must be 
taken to use freshly calcined limestone, as it soon ab- 
sorbs moisture from the atmosphere. 

The power to resist abrasion and rubbing, possessed 
by wild steel, isgreater than that of wrought iron; 
this is apparently due, not only to greater hardness 
imparted by more carbon, butit also results from the 
greater uniformity of its structure; wrought iron, on the 


* Vide 


“* Principles of the Manufacture of Iron and Steel,’’ by I. Low- | 
thian Bell, F.RS. 
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other hand, flakes off, from the presence of filaments of 
slag. The advantage of mild steel over wrought iron 
in this respect has been shown in a marked manner by 
the superior endurance and uniformity of steel rails; 
as, for instance, when the London and North-Western 
Railway Company some years ago made a careful ex- 
periment at Chalk Farm Station, at a spot where the 
traffic was especially heavy, the top side only of steel 
rails lasted eleven times as long as both sides of wrought 
iron ones on the other side of the same line. Steel has 
consequently been widely adopted for rails, though it 
eannot be said that all now manufactured are of nearly 
such good quality as those made for that experiment. 
This same property was long ago recognized in gun 
making, when the bores of ordnance, which have to re- | 
sist the abrasion of studs, ete., and the erosive action | 
of fired gunpowder, were made of steel. 

The process of drawing into wire increases the elas- 
ticity, tenacity, and elongation of steel toa degree un- 
attainable in any otherway. Advantage has of late 
years been taken of this fact in the manufacture of, 
ordnance, as this method also allows of the initial ten- | 
sions being very accurately adjusted, and no exten- 
sive flaws can remain undetected. 

Many other physical and chemical properties of steel | 
might be considered, but those just mentioned are 
probably the most important for the purposes under 
consideration. 


Manufacture. 


Excluding the older processes for the manufacture 
of hard tool steels, we find that mild steel for coustruc- 


crucibles are then poured into the same ingot mould ag 
rapidly as possible. Krupp has greatly developed thig 
method; and he has poured from as many as 1,800 ery. 
cibles into one mould; great care and arrangement in 
the large numbers of men employed being necessary, 

The advantages claimed for this plan are that the 
flame is not in contact with the steel, and therefore 
cannot contaminate it; and uniformity of quality jg 
gained if the temperature and time of heating are ‘the 
same, otherwise, the reactions may differ in different 
crucibles if the heat varies in duration and intensity, 
The disadvantages are, the expense and the great cape 
and arrangement necessary for very large ingots, when 
great numbers of nen must be carefully trained to work 
together; the length of time taken in casting is also q 
drawback; but the product is often excellent, if all ne. 
cessary conditions are observed, and it has been large. 
ly employed for gun tubes, as, for instance, in our 
Service, in which Firth’s crucible steel has been much 
used. 

2. The open hearth plan is perhaps the most recent 
method of steel making, and it owes its success to the 
invention of Siemens and others, who have constructed 
furnaces of the regenerating type, capable of produe- 
ing very high temperatures. the so-called hearth jg 
somewhat spoon-shaped, sloping down to one point 
(B, Fig. 6, where the tapping hole is situated), and the 
bed is covered with partly fused sand; good cast iron 
is first thrust in, and the flame beating down, or rever- 
berating from the very low roof, soon melts it, as the 
metal is readily fusible from the large quantity of car- 
bon that it contains, and thus the so-called * bath” is 


CRUCIBLE PROCESS. 


Fre. 5. 


Approximate Scalo for Figs. 5 to 9. 


4 Charging door. 

B Tapping hole, which is intended 
and sectional elevation. 

C Spout. 


to be at lowest part of hearth in the plam 


D E To fuel and to chimney (generally reversible). 


F Air spaces underneath to 
G Fire bridges, 
Hearth. 


p the outer parts cool 


BESSEMER PROCESS. 


Fria. 7. 


tional purposes is pontunen by the three following } 
methods (in about the proportions denoted in Fig. 3), 
: 


1. Crucible. 
2. Open hearth. 
3. Bessemer. 

In each of these plans a very high temperature must 
be obtained in order to melt the steel, which must not 
be in contact with the solid fuel, because, if it were so, 
the proportion of carbon in the steel would be too 
large; and means are always taken to render the pro- 
duct as uniform as possible. 

1. The crucible plan (Fig. 5) is the oldest, but it is 
now the least cmglenehs it has long been known that 
wrought iron inclosed in a crueible with carbonaceous | 
matter is capable of combining with the carbon, and 
melting, to form steel, at a temperature insufficient to 
melt wrought iron alone. At the present time, 
carefully weighed proportions of wrought iron, with 
sometimes a little steel, or even good cast iron of known | 
composition, powdered charcoal, and spiegeleisen are 
put into acrucible capable of holding some 60 to 100 Ib., 
this being about the limit which its strength will enable 
it to bear without risk of cracking. A number of such 
crucibles are placed in a furnace specially constructed 
for their reception; a very high temperature is obtain- 
ed, and after some two and a half to three hours, accord- | 
ing to the degree of carbonization required, the con- | 
tents are melted, the carbon has alloyed with the iron 
to form steel, and the manganese in the spiegeleisen 
has reduced any ferrous oxide which may be present. 
A liquid slag formed at the top, and a fireclay cover, 
se oxidation, which might otherwise occur at the 

gh temperature attained; the contents of several | 


Fie. 9, 
Pouring out into the ladle, 


Fra. 8. 
Blowing. 


formed. Sometimes only one kind of pig iron is used, 
but generally it is more economical to make a mixture; 
for instance, a very pure Swedish pig may be combined 
with a cheaper iron from English hematite ore, which 
has a good deal of sulphur, but not enough to make ab 
injurious amount in the mixture, and sometimes ste 
is mixed at first with the cast iron. When the bath is 
sufficiently fluid, steel, scrap, crop ends of rails, of 
wrought iron are thrown in, after being warimed by 
the waste heat, the object being to obtain a mixture 
having less and less carbon; when these have been we 
melted down, a further reduction of carbon is effect 
by the addition of known quantities of good Spanish 
hematite ore, an oxide of iron. When this is added, 
a violent ebullition ensues, due to the combination of 
the carbon in the melted charge wifh the oxygen 2 
the hematite, and the consequent production of ¢ar- 
bonie oxide gas; this is technically called “ boiling. 
The whole operation might be done by the use of pig 
iron and ore without any wrought iron or steel; this 
was a good deal practiced at one time, but it was found 
to be very expensive, as more fuel was required, at 
the wear and tear of the furnace lining was consider 
able, from the corrosive action of the large quantities 
of slag produced. During the latter part of the pr 
cess, the steel maker is constantly testing the compost 
tion of the molten mass, by inserting a long iron 
with a spoon at the end of it, and taking out a little of 
the steel; this is judiciously cooled, hammered on an 
anvil, bent over, and broken, and the fracture and ge 
eral appearance are compared with other samples ee 
viously obtained which have given good results, # 
which have been chemically analyzed. If it is judged 
that the carbon is not low enough, more ore must 
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added if no * boil” is going on; but if, on the other from the ** Proceedings of the American Society of 
hand, it is too low already, some good pig iron must be | Civil Engineers ” about the Monongahela bridge, Pi 


tts- 


ut in; and on leaving off the operation, the steel | burg, seems to represent the facts concerning the em- 
should be as quiet and free from bubbles as possible, to | ployment of this steel for work of the higher qualities : 


avoid blowholes in the casting. 


|**The difficulty seemed to consist in controlling the 


Great practical skill is required on the part of the | uniformity of the steel within close limits for quality 


steel maker; his tests must be taken rapidly, and a 
jadgment must soon be made from the scanty and ap- 
parently rough data furnished by the comparison of 
the test pieces with the standards; but, nevertheless, 
the same results may be repeatedly attained by the 
same operator within comparatively narrow limits. 
Just before the pouring out, comes the addition of 
the proper quantity of spiegeleisen or ferro-manganese; 
both of these necessarily contain carbon, and conse- 
quently the melted mass should previously be more 
docarbonized than the finished steel. The manganese 
is previously heated, carefully scattered over and stir- 
red up in the steel, and allowed to remain a short time 
to become thoroughly incorporated and to insure 
uniformity of composition ; at the last moment, two 
spoon tests are taken, one for chemical analysis of the 
earbon and the other for physical trial; the tapping 
hole at the bottom is knocked through by means of 
hammers and a long rod, and the liquid steel flows out 
along a gutter intoa large iron ladle lined with fire- 
clay, and previously heated; if not heated, or if the 
temperature of the liquid steel is too low, a good deal 
of waste occurs from the formation of a considerable 


and strength with the Bessemer process. After a 
while, the attempt was given up, and the ‘ open hearth’ 
was substituted; no trouble was then experienced in 
| getting a uniform grade of steel of prescribed quality.” 
Some 42,000 tons of ‘‘ open hearth” steel will be used in 
the construction of the Forth Bridge. 

Bessemer steel is very much used for rails, and also 
for a great variety of other purposes, including com- 
pound armor. 

FORGING. 


When steel is to be forged, it is cast into an ingot 
mould of a very simple form, efforts being made, by 
the use of silicon, either in the pig or in aspecial mix- 
ture, or by fluid pressure as used by Whitworth, to get 
rid of blow-holes; the ingot is taken out, reheated, 
carefully inspected, cracks cut out, and it is then either 
hammered, rolled, or pressed to the required shape, 
|great care being taken about the temperature. In 
_ order that the blows may be well transmitted through 
| the mass, it appears that very heavy hammers are now 
| generally preferred, probably because mild steel is not 
| in as soft a condition as wrought iron when forged. As 


“skull,” or metallic lining, caused by the solidifying of | large masses of steel are now worked, it is probable 


the outer part of the steel in the ladle. 


steel has been poured out, two spoon samples are very | mers nay be increased, unless Whitwort 


generally taken for chemical and physical tests, the 
ladle is carried by a powerful crane to the ingot mould 
it is desired to fill, and a plug is raised at the bottom, 
worked by a rod passing through rings of fire-clay in 
the liquid mass ; the steel then runs out of the bottom 
of the ladle and fills the ingot mould; the slag being 
lighter remains at the top and is not mixed up with 
the steel, unless indeed any difficulty occurs with the 
bottom plug, when the steel must be poured from the 
top of the ladle, as water is from a jug; in this case, 
small quantities of slag nay become entangled in the 
steel, and the ingot will probably be spoilt. 

Sometimes the metal is run direct into the ingot 
mould without the use of a ladle, but this is not gener- 
ally considered a convenient plan. The whole opera- 
tion lasts from 7 to 11 hours, or longer, according to the 
size of the furnace and the weight of charge; the 
largest furnace yet made will melt over 30 tons at a 
time ; the furnace bottom needs repair after each 
charge. The advantages of this process are that it is 
cheaper than the last, the composition of the steel can 
be very carefully controlled, but it requires very great 
attention and skill on the part of one or two responsible 
persons. It is very largely employed in making steel 
for ordnance, carriages, and other military construc- 
tious where uniformity and high qualities are more de- 
sirable than economy. 

3. By far the largest proportion of mild steel (nearly 
80 per cent., vide Fig. 3) is manufactured by the 
Bessemer process, but it is not applied to military pur- 
poses to anything like that degree; the rapidity and 
economy of this plan are considerable, and the whole 
operation is startling and impressive. 


A large egg- | 


When ail the | that the numbers of already existing ae heavy hai- 


method of 
| hydraulic pressure be employed instead, and this now 
| appears to be very generally preferred ; great progress 
| has been made in some of the leading factories abroad, 
| and this seems an important matter for our manufac- 
turers to consider, with reference to the large masses 


shaped iron vessel called a *‘ converter ” (Figs. 7, 8, and | 


9) can revolve on trunnions, one of which is provided 
with teeth which gear with rack work, by means of 
which it can be turned up or down. The other trunnion 


is hollow, and through it comes a pipe communicating | 


with a great number of small holes or *‘ tuyeres ” fitted 


in the fire-bricks situated in the bottom of the vessel ; | 
a blast of air can thus be sent from an engine through | 


the tuyeres. The top of the converter is provided with 
ashort chimney, and the interior is lined with a very 
refractory material called ganister. The operation is 
as follows : 


gutter, either from a reheating furnace, or in some 
cases, as first practiced at Terre Noire, direct from the 
blast furnace, where it is reduced from the ore; when a 
sufficient charge has been poured in—only about 44 of 
the total capacity, so that the iron may not rise to the 
tuyeres on pouring in—the blast is turned on, and 
when it is fully on, the converter is turned up (Fig. 8); 
the liquid iron cannot run down the small tuyere holes 
through which the blast comes, but, on the contrary, 
the pressure is sufficient to cause a continuous stream 
of bubbles of air to rise up through the molten mass, 
thus oxidizing the carbon in it, with the formation of 


| ordnance is to temper a test 
The converter being heated, it is turned , 


down (Fig. 7), and melted cast iron is poured in by a|\ , " 
i | is treated in the same way, as nearly as possible, as the 


carbonic oxide gas, which burns with a strong flame 


some 20 feet in length at the top of the chimney. 

The temperature of the iron is considerably raised by 
the combustion of the carbon in it, and, although it 
becomes decarbonized and consequently more infusible, 


it still remains liquid; after some 20 minutes the flame | 


becomes much shorter and alters in character, signify- 
ing that the carbon is becoming very low, and that the 
operation is nearly completed; it is essential that the 
exact time of leaving off should be chosen, as, if the 
‘blow ” is stopped too soon, sufficient carbon is not ex- 
tracted; if, on the other hand, it is continued too long, 
the iron becomes oxidized, when not only is some of it 
Wasted, but the quality of the rest is spoilt, for the 
iron itself burns, and excess of oxide is formed. The 
appearance of certain lines in the spectroscopic appear- 
ance of the flame is employed to find the proper time 
for leaving off, but it is often determined by eye alone. 
fore pouring out, however, comes the addition of 
manganese, which is absolutely necessary in this plan; 
as from the method of manufacture a good deal of fer- 
Tous oxide must necessarily be formed; the “ blow ” is 
continued for rather less than a minute, after which 
the steel is poured out into the ladle (Fig. 9), when it is 
Sometimes stirred by means of an ‘' agitator” to dis- 
tribute the manganese and produce uniformity. The 
ingot casting is the same as in the ‘open hearth” 
system. 
a rapidity of this plan enables an enormous output 
be made with a moderate plant, as each “ blow” 
oe ~~ than half an hour to produce 6 to 12 tons of 
ary but this very rapidity prevents the careful con- 
a er the results which can be exercised in the last 
~. hod; in @ large firm this can be allowed for by 
rting the ingots produced, and applying each to the 
core for which it is most suited; oa it is most diffi- 
to know what will be the exact proportions of car- 
: — the other qualities of any particular “blow.” 
ee not appear at present to be well suited for the 
ufacture of ordnance; and the following extract 


required for ordnance. Larger ingots have been pro- 
dueed in France and Germany than in England. 


TEMPERING. 


Inerease of tenacity can be obtained by the import- 
ant operation of tempering, but this is at the expense 
of elongation before fracture. The temper obtained 
varies with the amount of carbon in the steel, the tem- 
perature, and the nature of the cooling material, rape 
oil being generally considered the best for large 
masses, as it has a less conducting power than water, 
and cools the metal more slowly. 
temper his steel at a uniform heat, while our plan for 
piece at 1,450° F., and if 
this does not give good results, the temperature is 
varied within certain limits, and then the whole mass 


test piece which gave the best results. Tempering 
lowers the specific gravity slightly, consequently warp- 
ing and surface cracks are often produced by this 
operation, when large masses are acted upon. The 
Sehneider* steel plate at the Spezia experiment in 
1882 was tempered on the face to gain hardness, and it 
consequently warped so much that it had to be planed 
off at the corners to make it fit the frame it was placed 
in. Gun tubes often develop surface cracks after tem- 
pering, but sufficient thickness of metal is allowed, so 
that they may afterward be cut out in the lathe. 


STEEL CASTINGS. 
With steel castings, every effort is made to get rid of 
blow-holes; this generally involves (for all good work) 


4 


/ 


Krupp is said to| 


with slow cocling in hot ashes; tempering is sometimes 
used for special purposes, such as the head of an armor- 
piercing projectile, though it cannot be said that cast- 
steel projectiles are as yet very successful for armor- 
piercing purposes against steel or compound armor, 

Creat progress has recently been made in steel cast- 
ings; and they are now used for a great variety of pur- 
pense: some cast trucks on the table before us (see 

-late, Fig. m) have been subjected to very rough treat- 
ment, and yet they have not shown any signs of frac- 
ture, but have simply bent out of shape. Swedish 
| castings now being exhibited by Mr. Nordenfelt have 
|attracted very great attention on account of their 
| soundness and excellence; a very high temperature is 
obtained when melting the steel, and liquid fuel is em- 
ployed. 

In designing the shape of a casting, sharp corners 
and great differences of thickness must, if possible, be 
avoided on account of the difficulties of preventing un- 
equal strains tending to produce rupture in contraction 
on cooling down. 

TESTS. 


A great variety of tests are applied to steel in differ- 
}ent places, according to the purpose for which it is re- 
| quired; latterly there has been a growing tendenc 
toward uniformity; the workman’s rough tests of bend- 
ing, breaking, and observing the fracture have been 
systematized in various pulling machines, actuated by 
a dead weight or by levers or by hydraulic pressure, 
by all of which the limits of elasticity and tenacity are 
indicated; bending (see Plate, Figs. 2 and 0) and tor- 
sional tests are also often applied, and in other cases 
dynamical trials are made, as by dropping heavy 
weights on to rails, or by exploding gun-cotton, as is 
| sometimes done with boiler piates, which are made of 
| very mild steel, having but little carbon. 


Fie. 10.—Examples of steel castings of complicated forms.—Messrs. Hadfield & Co. 


For ordnance, the tension and bending tests are gen- 
erally sufficient; the elasticity, tenacity, and elongation 
are carefully recorded, and the area of the fracture and 
its general appearance are also noticed, both before 
jand after tempering. In our gun manufacture, the be- 
havior of the tempered test piece serves as a guide for 
the treatment of the mass from which it came; but it 
appears now to be generally acknowledged, that the 
same heat will cause a different temper in a small test 
piece and in the large mass, as the latter will cool so 
much more slowly, and will not, therefore, be so much 
affected as the smaller piece. It seems a sound method 
to proceed (as it is believed the French do) to cut a 
piece off the tempered mass and then test it, and the 
result will be a more certain knowledge of the tenacity, 
ete., really attained—more particularly as with all the 
care at present used, it is not possible to be quite sure 
that the large mass is brought to the same heat as the 
test piece was. The elongation on fracture has of late 
attracted attention, as it is a well recognized fact that 
a short test piece will elongate much more per cent. of 
its length than a longer one of the same material; this 
is explained by the circumstance that as the elongation 
is only considerable just immediately at the point 
where rupture takes place, the total elongation of the 
| long piece is not actually much more than that of the 
| short piece, and is consequently less in proportion to its 
length—or the elongation per cent. of its length is less 
(wide Fig. 11, where a test piece of Whitworth’s 
| dimensions is supposed to elongate an amount A A’; 
if the same iaterial is made according to Royal Arsenal 
pattern, it will only elongate B B’, instead of BB’, 


a very considerable dead-head, which adds to the ex- 
pense, and has to be cut off. Annealing for several 
days is resorted to by some, while others are content 


* Vide lecture by Captain Orde-Browne, ‘‘ Proceedings,” Royal Artil- 
Jery Institution, 1883, 


Fie. 11.—Showing loss of elongation per cent. in test pieces of thin proportions, but of the same material. 
(The dotted lines, A B C, A’ B’ C’, are drawn to indicate similar elongations, A A’, B B’, G C’.) 


which would be in the same proportion as the last, 
while if the test pieces are still longer, the elongation 
C C’ is even less per cent.);* thus if a test is taken ac- 
cording to the Woolwich plan, it will not give such a- 


* Vide paper by W. Hackney, “ Min. of Proc, Inst, C. E.,” vol. Ixxvi. 
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favorable result as by the Whitworth method, unless 
the differences in the proportions of the test pieces are 
taken into account. 

It is usual to say that the elongation is so much in a 
test piece of so many inches, but this is not really cor- 
rect, as a thick piece wil! elongate more than a thin 
one ; it is now proposed that all test pieces shall be of 
the same proportion of length to thickness, 

It is important that the tests imposed should be 
reasonable and possible, but this apparently has not 
always been the case, as, for instance, when iron was 
first employed in the construction of ships, the test em 
ployed by Lloyd's was the single one of good tenacity, 
irrespective of elongation, before fracture; the conse- 
quence was that much inferior, brittle iron was built 
into many a vessel, accounting, doubtless, for numbers 
of casualties. On the other hand, to show the advan- 
tage of a good elongation before fracture, many 
instances have occurred of steel vessels grounding on 
rocky places, when the bottom plates have been bent, 
and crumpled, but not fractured, as they doubtless 
would have been if they had been brittle, although 
with a high tenacity. Going to the other extreme, the | 
demands for tenacity and elongation, within certain | 
limits of temperature for tempering, have been so high | 
in some specifications that it has not been found pos- 
sible to come up to the standard when large masses | 
have been supplied; the steel has in some cases been re- | 
jected wholesale, while at other times it has been pass 
ed, when the tests being set aside became useless. 

Not only are mechanical tests employed, but the 
chemical composition of steel Is found by quantitative 
analysis in a most systematic manner; and each large 
factory has a regular laboratory, with one or more | 
analysts, a class of men created by the requirements of) 
the steel trade, in which sound scientifie training in | 
those concerned is a sine gua non for suecessful mannu- | 
facture. | 

The tests imposed by the Ordnance Committee on | 
large masses of steel appear to have been very stringent, 
and manufacturers have found a difficulty in comply- 
ing with the conditions, but the making of steel in the 
Royal Arsenal has given a decided impetus to gun 
steel, which differs somewhat from that required for 
most other purposes. The French Government, intent 
upon progress, have insisted on rigorous tests for steei 
which their own makers at first declined, but after- | 
ward agreed to comply with; in the mean time, | 
however, a large contract was given to a foreign firm. 
It would appear to be the wisest course to insist on 
obtaining the very best material for gun steel. 

STEEL FOR NAVAL AND MILITARY PURPOSES, 

The amount of steel used for naval and military 
yurposes bears only a small proportion to that which 
is used for ordinary industries, and this ratio varies 
greatly in different countries, being probably highest 
in Russia and lowest in the United States. A great 
part of the steel for warlike uses can only be produced 
by special plant on a colossal scale—thus we hear of 
100 ton hammers, immense rolling mills for armor, 160 | 
ton cranes, a tank containing 100 tons of oil for tem- 
pering, railway trucks for taking immense weights, 
and tools for machining enormous masses of metal. 
The number of factories in the world where the hea- 
viest guns and armor can be produced is thus necessa- 
rily limited. 


ORDNANCE, 

About two years ago a most important decision was 
made that our ordnance, of all calibers, was in future 
to be constructed entirely of steel, and wrought-iron 
coils were abandoned, as there was no longer a doubt 
that steel is much superior to wrought iron for this 
purpose, from its greater strength. This has been espe- 
cially noticed with guns firing the modern large charges 
of slow-burning powder. The steel for ordnance should 
be of such quality* as to possess a considerable elastic 
limit, so that permanent deformation or enlargement 
of the bore may not take place to any appreciable ex- 
tent; and a most important requisite is uniformity and 
trustworthiness; its wucertainty being always urged as 
a reason for its non-adoption in the Service as long as 
wrought iron was used in manufacture. It appears, 
however, that reliability and uniformity are now being 
attained, though only by most unceasing and intelli- | 
gent care in all processes of manufacture. Especially 
is this recognized to be the case when very large mass- 
es are forged, as the difficulties in obtaining uniform- 
ity in the mass become greatly increased. The percent 
age of carbon is about 0°4 to 0°45 with crucible steel 
when the manganese is low; but with the ‘open 
hearth” steel the percentage is a good deal less (0°28 
to 0°31) when more manganese is present. 

A modern heavy steel gun is constructed as follows: 
The tube is made from the ingot by repeatedly heating 
and drawing out under the hammer (see Plate, Fig. ») ; 
a core is then cut out or trepanned, and thus mest of 
the material cut to pieces in the ordinary process of 
boring is available for other purposes; the process is 
also quicker. Whitworth proposes, however, to pro- 
ceed in a different manner, suggesting the plan adopt- 
ed with such success by his firm in forging a ee pro- 
peller shafts, which are made thus : An ingot is bored, 
and the shavings remelted; the interior, containing a | 
higher percentage of carbon and other constituents, | 
is not considered of sufficiently good quality for further | 
use without remelting. The hollowed ingot or cylin-| 
der is then heated, a hollow steel mandrel of smaller 
diameter than the interior is passed through it, and 
both are placed in the powerful hydraulic pressing ma 
chine, which presses the metal of the cylinder against 
the mandrel by repeated pressings, while the cylinder 
and mandrel are turned round into fresh positions | 
(Fig. 12); the consequence is the hollow cylinder be- 
comes gradually less in diameter but increases in length. 
This process is repeated with thinner mandrels and re- | 
peated heats until the cylinder assumes the desired | 
ae pen of the propeller shaft; the mandrels are 

ept cool by water circulating through them. No Serv- 
ice gun tubes, except those supplied through the | 
Elswick Company, have yet been made in this man- 
ner, though it may possibly be adopted for some of 
the largest. 


* Gun steel, for our service, must in the untempered state have its 
elastic limit between 11 and 15 tons; tenacity between 27 and 35 tons on 
the square inch, with an elongation of not less than 15 per cent.; in the 
tempered state the elasticity must range between 2 and 33 tons on the | 
square inch, and the tenacity from 38 to 48 tons, with an elongation of | 
not less than 10 per cent. in the test piece of standard proportions. A 
certain amount of discretion is allowed in passing steel forgings not 


the above limite, 
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The hoops for Service guns are also made from the in- Steel racers have long been introduced for use with 
got, which is trepanned, the ends cut off and remelted, | some of the heavier garrison guns, as they will resist 
and the rest is cut into thick rings, each of which is | the blow caused by the jump of the platform on firing 
afterward heated and made thinner by hammering on! which indented the older and softer wrought-iron 
a mandrel placed through it and supported at each end | racers, and rendered subsequent traversing a diffienlt 
(the hoop is thus suspended on the mandrel). This! operation; the path and twenty-eight rollers of east 
operation naturally increases the diameter, and the|iron on which the turrets of the Inflexible revolve 
manufacture resembles that of the weldless tires of | have not been found hard enough; in future they wil] 
railway wheels. Whitworth makes some hoops in this | probably be of steel. ‘Tubular steel linings are em. 
way, substituting the press for the hammer (see Fig. 13), | ployed for the cylinders of Vavasseur mountings, and 
but he proposes to construct others in the same way as | corrugated steel plate has been tried for field artillery 
the tube, in the form of long thin cylinders, and thus | ammunition boxes, and appears to succeed. 


| constant jars. 


the heaviest guns could be made of fewer parts than 
those at present designed. For instance, the 110-ton 
gun is intended to be made of forty-three parts,* but 
one of Whitworth design would consist of only eleven 


L 


PROJECTILES, 


Steel has been applied to shells with great success, 
but at present the expense is considerable. Shrapnel 


Fria. 12.—Whitworth’s Hydraulic Forging Press—Drawing out a Tube. 


pieces. Our new heavy guns are now required in large 
numbers for the navy, and also for the coast defenses 
of England and the colonies. and every effort should be 
made to supply them with all the rapidity consistent 
with efficiency. The steel for the 110 ton guns is being 
made by Whitworth and Cammell, and the forgings 
will be handed over to the Elswick Ordnance Company, 
who will machine them and build up the guns. 
few months’ time Whitworth’s fine establishment will 
have all the tools necessary for completing the heaviest 
guns, and Elswick will probably have the plant for 
‘asting and forging the heaviest ingots; the country 
will then possess two complete establishments to sup- 
plement the royal gun factories, and there are of course 
several other firms which can produce excellent steel in 
large masses, and who are accustomed to the working 
of heavy steel forgings. Care should be taken that 
thoroughly reliable guns are produced, and close in- 
spection should be insisted on during manufacture, as 
well as rigorous proofs before the guns are admitted 
into the service. Military materiel has before now been 
neglected in our country for years during peace time, 
from indifference or on the score of economy, and then 
suddenly, when the need for it has been felt, on the 
outbreak of war, a hurried order has been given for 
large quantities; this is an expensive plan, as a high 
price is necessarily charged under such circumstances, 
and it is difficult to make proper inspection ; it is far 
the wisest plan to proceed methodically and diligently 
while there is time; but as the gun making resources 


| of this country will form the subject of a separate lec- 


ture in this Institution by Mr. Anderson, further re- 
mark on this point is now unnecessary. 


The barrels for small arms are made of mild steel 


from the bar, in an ingenious machine with a series of | 


vertical and horizontal rolls, which in one heat draws 
out the barrel to the required length (see Plate, Fig. a). 
This has been in use some six years at Enfield, and co- 
pies have since been supplied by an English firm to 
several foreign governments. ‘The bayonet is made of 


In a} 


are made for the 7 pr. and 12 pr. of Delmard’s tubes, 
with thin walls and bursting charge in the head; the 
proportion of useful weight in the former being 45-4 
per cent., while in other natures it is 25 per cent., and 
often much less. Steel has been tried for common 
shells, as they do not break up so often on striking 
earth as cast-iron shells. An example of the advantage 
of their use was furnished by an experiment, when a 
| parapet was more readily breached by a 12 pr. with 
steel shells than by a 5ineh gun with 50 Ib. cast-iron 
ones, the velocities being about the same in each case: 
the walls of steel shells being made thinner than those of 
cast iron, a larger bursting charge can be inserted. By 
lengthening shells and compressing the powder, it has 
been found possible to more than double the bursting 
charge; thus with the 6 inch gun the bursting charge 
in the ordinary common shell is under 71b., but long 
steel ones have been made holding 16 lb. of compressed 
»owder; this increase is most important when destroy- 
ing earthworks, ete. Krupp has done a good deal in 
this direction. It is doubtful which is the best way to 
apply steel for these purposes, whether to cast it at 
once to the required shape, or to forge it; the first is the 
simplest and cheapest way; but at present difficulties 
are apt to appear with blow holes which may lead to 
fracture in the bore when the walls of the shell are 
thin; however, with recent improvements in casting 
steel, this objection may very possibly be overcome. 
Another plan is to cut off lengths of tubular steel, heat 
it, bend in one end for the head, and turn in and close 
up the other end for the base, or else weld in a base 
disk; another device has been ingeniously employed of 
cutting off a piece of thick bar steel, stamping it into 
a hollow, and drawing up the sides gradually when 
heated to form a shell. With regard to armor-piercing 
projectiles, some few years ago experiments were made 
at Shoeburyness with 9 inch projectiles, with striking 
velocity about 1,500 f. s., to determine the best material 
jct which they should be made, and also the form of 
head, ete. The general result was that forged steel 


Fig. 13.—Whitworth’s Hydraulic 


a hard steel welded by the aid of borax to a socket of | 


softer steel; great care being taken not to overheat the 
end of the bar, which will form the blade, while the 
socket being milder is made much hotter; the tests to 
which bayonets are subjected before being passed into 
the Service have lately been made a ont deal more 
severe than before the late war in the Eastern 
Soudan. 
GUN CARRIAGES, 


The increased strains which the large charges of mo- 
dern guns impose on gun carriages have necessitated 
the employment of steel in their construction, in order 
to obtain the necessary strength; and steel plates and 
axles are now freely used, as in the 13 pr., but wrought 
iron is still preferred for some parts, as, for instance, 
the trail eye of a field gun carriage, which is subject to 
Steel castings are much used for heavy 
gun carriages; some of 55 ewt. each have been made’ in 
considerable numbers for the sides of 43 ton gun car- 
riages, and steel castings on a grand scale are contem- 
plated for the proof carriage of the 110 ton gun. 


* Vide Colonel Maitlend’s lecture. Royal United Service Ipstitution 
June 20, 1884, in No, cxxvi. of the Journal, 


Forging Press—Enlarging a Hoop. 


(from Sir J. Whitworth and Co.) was decidedly the 
| best, but at the same time it was very expensive; since 
| then, however, conditions have altered, and not only 
| is the striking velocity of modern projectiles often con- 
| siderably above 1,500 f. s., but the steel and compound 
jarmor of ships now being made is harder than the 
| wrought iron plates which were formerly employed. 
Consequently, the projectiles break up, and it cannot 
be said that our present shells are quite satisfactory. 
| Careful experiment is needed to find out the best me 
| thods to pursue, and doubtless if sufficient money were 
ranted, our arsenal and our manufacturers could pro 
duce what is wanted; the latter, however, are unwilling 
to make a few shells, as it takes considerable troub 
| and expense to make the patterns desired, and it is not 
| worth their while unless a large number are ordered; 
on the other hand, it is of no use to obtain a large 
quantity of shells unless they fulfill the conditions Te 
|quired. It isto be hoped that the subject of § 
| armor-piercing projectiles for the heaviest guns may 
be thoroughly gone into, and the best material for the 
purpose employed. 
At the present time the service Palliser cast-iroB 
chilled shells do very great damage to the targets, but 
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they break up in doing so. Krupp has produced a 

)d armor-piereing projectile, and the French navy 
= for some years past been provided with steel ar- 
mor-piercing shells for 32 and 19 em. guns, all supplied 
by contract under severe tests for reception (see Plate, 
Fig. /). The following conditions were imposed last 
September, when the French Government invited their 
steel macers to supply a large number (2,100) of ar- 
mor-piercing projectiles for 32 and 27c¢m. guns; the 
conditions imposed appear to be somewhat severe, and 
show that a high standard of excellence is desired. 
The total number is divided into four for each caliber, 
and the behavior of two shells tested out of each lot 
will determine the acceptance or rejection of the 
others. The heavier projectiles are to be fired almost 
at right angles against a 30cm. Creusot steel plate 
with wood backing with striking velocity of 435 to 445 
meters per second, while the lighter ones will strike a 
23cm. steel plate with a velocity of 455 to 465 meters 
per second. If the first projectile perforates the target 
unbroken and uncracked, the lot to which it belongs 
js to be at once accepted; but if it breaks up in per- 
forating, the second projectile will be fired, and only if 
it gets through uninjured will the lot be accepted. If 
the first round does not perforate the target, the lot 
will be at onee rejected. Facilities were given to allow 
the makers to fire trial shots against steel plates before 
submitting their finished shells. 

Nordenfelt bullets for penetrating the sides of tor- 
pedo boats are forged from steel bars by drawing down 
a part to form two heads; pieces are then cut off, 
stamped to true shape in a die, and oil tempered 
(see Plate, Fig. ©). 

ARMOR. 


Our compound armor:is constructed on two plans 
by the only two firms which at present manufacture 
it in England. 

The Atlas works (Sir J. Brown and Co.) make it on 
Ellis’ patent (Fig. 14); a considerable thickness of 
roel iron and a thin steel face plate are kept at a 
few inches distance from each other, with wedge plates 


on land, however, it will probably be little used, ex-| plant for this nature of work needs comparatively 


cept, perhaps, in some very confined situations. 

rought iron of equal resisting power but of greater 
weight is cheaper, and hence our plate ‘upon plate 
system for land defenses seems well devised, particu- 
larly as it can be strengthened, if need be, by addition- 
al layers. The injury sustained by wrought iron when 
it is struck is generally local; but compound armor 
tends to split over a considerable area, and is not well 
caleulated to resist blows falling close together. Very 
good estimates can be formed beforehand by calcula- 
tion of the probable penetration of wrought iron, if 
the plate be of ordinary quality, but the resisting 
power of compound armor is at present difficult to 
foretell; it depends more, pertiaps, on the total weight 
than on the thickness of the piate, and the nature of 
the backing has a most important influence on the re- 
sistance offered. It has been suggested that a consider- 
able number of experiments might profitably be made 
on asmall scale, in order to endeavor to determine 
the value of various alterations in its arrangement. 

Compound armor is how made in large quantities in 
Russia, Germany, and France, on the Wilson system ; 
in the latter country there are three factories busily 
engaged, and in Germany the Dillengen works have 
been in operation for two years, producing compound 
armor for the three ships. Oldenburg, Bremse, and 
Bremmer. 

The Russian works at Kolpino, 16 miles from St. 
Petersburg, are just completed, and the first of their 
compound armor-plates, under an English director, are 
now being manufactured. The works will probably be 
well employed, as the Russians are rapidly developing 
their navy, and six large armor clads are fast approach- 
ing completion. 

Excellent steel armor has been made at Le Creusot, 
of a milder quality than the face plates of compound 
armor, and it has given good results when tested at 
Spezia, in competition with compound armor. 

Thin shields are used for the protection from 
musketry fire of men working machine-guns (see Plate, 
Fig. b); they are '4 in. thick, and oil tempered; the re- 


Fia. 14.—Manufacture of Compound Armor. (Sir J. Brown & Co.—Ellis’ Patent. From a Photograph. 


Pouring in Melted Steel between the Wrought Iron and the Steel Face Plate. 


round three sides, and small steel studs at several 
points keep them from coming too close to each other 
in the furnace; the whole mass is then strongly heated 
with the plates horizontal; when hot enough it is taken 
out and lifted by a crane, swung vertical, placed in a 
pit, and melted steel is poured from a large ladle into a 
trough which distributes little streams into the eavity 
between the two plates and joins them together; in a 
short time the whale plate is taken up and put back 
again into the furnace ; when reheated, it is taken 
ey —— the whole is passed through the large roll- 
ng mill. 

In Wilson's plan, adopted by Cammell & Co., a large 
Wrought-iron plate built up of many thicknesses is 
assed through the rolls, and is then pushed horizontal- 
y into a huge iron chamber which can revolve on trun- 
nions; when the plate is secured, the whole is turned 
up and becomes vertical, and liquid steel is poured in 
from a ladle and trough, between one side of the 
wrought iron and the side of the box, precautions being 
taken to prevent it from flowing pom Sey In Wilson’s 
plan the steel was formerly poured on to a wrought- 
iron plate provided with a rim and placed horizontally; 
but this was given up, as the seum, ete., tended to re- 
— the face of the plate. The whole is afterward 
ed. 


. The steel constitutes about one-third of the weight 
in both systems, its object being to break up the pro- 
Jectile on impact; it consequently has a considerable 
amount of carbon in order to give it the necessary 
hardness, while the wrought iron at the back of the 
plate is intended to hold the plate together, and to pre- 
vent the formation of cracks and splits as far as pos- 
oufe. This class of armor has achieved good results ; 
.J€ experiments at St. Petersburg and at Spezia dur- 
ing the last two or three years, as well as some of our 
Own at Shoeburyness, having been favorable. Ellis’ 
plan has the advantage ot a very good front surface, 
-y the results attained by each are generally consider- 
e ns about the same as far as present experience 
wn. 
than resisting power of compound armor is greater 
lat of wrought iron, and consequently a less 
eight will give as great protection under ordinary cir- 
tances, and it is coming into use on ships; 


sisting power is considerably better than that of 
wrought iron. 
SHIPS, ETC. 


The Royal Navy and the merchant service (including 
muny vessels available for war service in case of emer- 
gency) take vast quantities of steel plates, angles, and 
rivets, as well as tubes for boilers. On the Clyde 
searcely an iron plate is now used for a marine boiler, 
so completely has steel taken its place. 

Steel plates for her Majesty’s ships which are below 
the water-line are previously pickled in dilute hydro- 
chloric acid, brushed with steel wire brushes and washed 
(see Plate, Fig. 4); this removes the black oxide from 
the surface, and enables the composition to be properly 
applied, thus preventing corrosion; this plan also gives 
the advantage that minute cracks (if they exist) can 
easily be detected on the clean surface, and an untrust- 
worthy plate can be rejected. 

Rivet-holes are punched, and then reamed out to re- 
move most of the metal weakened by the operation of 
punching; butt-straps (which connect plates together) 
are annealed only after punching, and plates which 
have to be much bent are also annealed. 

Castings are used for stems, stern-posts (see Fig. 2), 
rudders, and stems having torpedo tubes and rams 
combined. These have been supplied by our makers 
not only to our own Government, but also to those of 
Italy, Japan, and Denmark. These castings stand a 
breaking strain of 28 to 34 tons per square inch, with 
a minimum elongation of 10 per cent. in a length of 8 
inches, while a second test piece will stand bending to 
a right angle.* The Benbow (10,000 tons), now 
building on the Thames, and which is to be armed 
with 110 ton guns, is altogether of steel, and contains 
some fine castings, the stern brackets (see Fig. g) of 9 
tons each being, it is believed the largest yet made. 

Crank and propeller shafts (see Fig. /) are now very 
generally made of mild steel, and the weights dealt 
with are equal to the largest forgings required for the 
heaviest guns. Whitworth now has a forging of 45 
tons for the Jumna’s crank shaft, which when 


Side Steel Works, Glasgow. 


ittle adaptation to fit it for gun-making, as the 
heaviest part of the 110 ton gun (the tube) when finish- 
ed will only weigh some 25 tons. 

Steel is also used in the engines of ships and for wire 
ropes, and wire flattened into a ribbon form, with a 
considerable amount of carbon in it and of enormous 
tenacity, seems destined to play an important part in 
the manufacture of future guns. 


MISCELLANEOUS. 


Steel enters into the construction of a variety of war- 
like stores, notably in torpedoes; the beautiful air-re- 
ceiver before us is a good example of the finest work, 
forged from a bored-out ingot, oil tempered, and aec- 
curately turned down till the metal is very thin; it is 
most carefully tested to make sure that it will sustain 
the pressure of the compressed air which drives the 
engine in the Whitehead torpedo; and the hollow tor- 
pedo —— shaft before us presents a good example 
of a weldless steel tube of great strength. Tubular 
steel also comes into use in rocket cases and in sockets 
for tent poles, in which strength and lightness are com- 
bined. Large quantities of compressed hay have been 
sent out to Egypt bound round with Bessemer steel 
wire (Fig. 15). 


Fia. 15.—Truss of Hay Bound with Bessemer Steel 
Wire. Dimensions about 31" x 19" x 15°; average 
weight, 87 lb. 


A very interesting and recent example of the use of 
welded steel tubes is furnished by the gas vessels 
which contain compressed hydrogen for military 
balloons. These have only been developed during the 
last few months, and 150 are now in South Africa 
with Major Elsdale, R.E., who hopes to make good use 
of them under Sir Charles Warren. May he be success 
ful! It was considered difficult to make hydrogen in 
the field, and therefore the plan was adopted to carry 
it in strong receivers. Various makers were asked to 
produce this rather novel work, and many responded, 
with the result that the pattern before us by Mr. Dei 
mard was considered far the best, as it holds more than 
any other with due regard to weight and safety. Each 
vessel is proved before use, and it must not show signs 
of any permanent enlargement when charged with a 
test pressure very considerably in excess of that which 
it will have to stand when the hydrogen is stored in it. 
Some said that under such high pressure the gas would 
get through the thin metal; but as a matter of fact it 

oes not do so, and some vessels have remained fully 
eharged for months. It will be most interesting to 
hear how this contrivance will answer on active service. 
The receivers can easily be transported; the weight of 
gasin them is only 12 oz. when fully charged, and 
they will float in water; in fact, some fully charged 
have been formed into a raft. 

Somewhat similar vessels are also employed for 
carrying oxygen and hydrogen under great pressure for 
use with the lime-light when signaling. 


OIL BLEACHING. 


THE Organ fiir Oelhandel describes the following 
process, invented by Dr. Herzog, for the bleaching and 
clarifying of oils and fats, both for domestic and in- 
dustrial purposes. The solid fatty substances are 
treated in the same manner as those which are liquid. 
In order to prepare cottonseed oil, rape oil, as well as all 
fatty oils, for ulterior treatment, they are first mixed 
in large receivers with 2 or3 per cent. of common salt, 
and then thoroughly stirred for five or ten minutes with 
25 to30 per cent. of cold water. After a rest of twenty- 
four to forty-eight hours, a part of the impurities have 
been deposited at the bottom with the water and salt. 
The oil on the top is then drawn off, and is thoroughly 
washed in another vessel with cold water by means of 
crank shovels. After six to twelve hours the oil has 
again accumulated on top, and is drawn off for further 
treatment. This treatment with common salt is par- 
ticularly useful in the preparation of fine culinary oils, 
but can also be employed with linseed oil, fish oil, ete. 
If an electric stream be conducted through the mixture 
during the mechanical treatment, thefoil is at the same 
time bleached as the salt becomes decomposed under 
the influence of the electric current, and secondary 
combinations effect marked bleaching results. For 
many oils and fats which would otherwise become ran- 
cid and be spoilt, it is recommended in the above pro- 
cess to add 2 cr 3 per cent. of bicarbonate of soda, 
which exercises a preservative influence. 

In addition to the second washing with cold water in 
the second vessel, the oil can likewise be treated with 
steam, which is conveyed through the oil in a fine state 
of division. For cottonseed oil it is recommended for 
the process to be continued for five or ten minutes. By 
this treatment the rancid particles are removed, while 
the slimy portions sink to the bottom. In place of 
steam, heated air may be sent through the oil, which 
is mixed with 25 to 30 per cent. of hot water. This ope- 
ration should last five minutes, and might be repeated 
at intervals of two or three minutes. If the cotton- 
seed oil, rape oil, or similar,quality is filtered and left in 
store a certain time, a pure — is obtained of plea- 
sant, sweet taste and pale yellow appearance. For filter- ’ 
ing it is recommended to use endless filtering paper, 
with which the sides and bottom of the filtering vessels 
are covered. After being used, pressed, and washed 
out, the paper can be again used in flake form in the 
preparation of filtering grounds. For the preparation 
of varnishing, burning, and lubricating oils, the oil is 
mixed with 2 percent. of common salt, dissolved in 15 to 
20 per cent. of water at 176° to 212° Fahrenheit, which 
is heated by steam introduced during the stirring. 
Then during the continued stirring there are added 1 
to 14g percent. of muriatic acid diluted in 15 to 20 per 
cent. of water, and steam is afterward introduced at 
intervals of five minutes. In many cases Dr. Herzog 
considers very useful an admixture of permanganate 
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of potassium, or chlorate of potassium, or bicarbonate | they bought efficient ones. in new process milling a|are so constructed that if you run the rolls in one 
For 2 ewt. of oil there | perfect purification is a necessary condition of finan-| direction you have a sharp corrugation, and if in the 


of potash with muriatie acid. 
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are taken in the proportion of one-tenth pound of the | cial suecess, as no system of reducing middlings to flour | other you have more nearly the action of a round gor. 


last named salts and 14¢ Ib. to 2 lb. common salt. 


AMERICAN ROLLER MILLING.* 
By M. W. CLARK, of Jackson. 


Mr. PRESIDENT AND GENTLEMEN OF THE CONVEN- 
TION: It was with great reluctance that I accepted the 


invitation of your committee to read a paper before | 
Being an entire stranger in this country, such | 


you. 
an introduction seemed not unlikely to militate against 
a favorable opinion of me, as | might probably, in my 
ignorance of British milling, say something 

‘ould excite hostile criticism. I have therefore con- 
cluded that it would be safest for me simply to recite, 
as nearly as I can, the experience of American millers 
in their several steps toward their present — of mill- | 
ing, and only draw such conclusions as such experience 
will warrant. My doing so may possibly result in sav- 
ing some millers in this 
into which American millers have fallen. I shall not! 
attempt to give accurate dates, nor can the details of 
machines be given on this occasion. 

We will take up our subject in 1871, when our first 
successful attempt was made to manufacture a superior | 
grade of flour from cleaned middlings. Previous to | 
this time middlings had been partially cleaned and re- 
ground, the result being a flour that could be mixed in 
with the first flour without lowering the grade. In 
1871 a grade of flour was made from the purification of 
middlings which sold for say eight dollars per barrel 
more than the flour heretofore made from the same | 
material. This large profit excited the cupidity of | 
every miller who heard of it. Little flour, however, of | 
this quality was produced, for up to this time operative | 
millers were appreciated in proportion to the small | 


amount of middlings they made in grinding—| 
in facet, you might say the less middlings they 
made, the better millers were they considered. Now, 


however, a change began to take place. The miller 
who could make most middlings was the most sought 

after, and every one began to experiment to see how he 

could dress his stones so as to make more middlings. 

Furrows were widened until in some instances they 

were more than two inches wide; in other cases inter- 

mediate furrows were cut through the lands. The 

draught of the furrows was increased, this being carried 

so far on some millstones as to give their leading fur- 

rows two inches draught to the foot of the diameter of 

the stone. Next they attacked the face by breaking 

away around the eye of the stone, so that no reduction 

of wheat could occur until it passed outside of this 
circle. Some millers went so faras to cut a circle 32 

inches diameter in a four-foot stone. Then they | 
bosomed the remainder to within four inches of the 

skirt. I knew, one miller who bosomed the stones} 
quite out to the skirt, leaving them like two inverted 

saucers, These experiments showed that such a pro- 

portion of middlings could be produced as to make, | 
when reground under stones, 50 per cent. of middlings | 
flour, but this system of grinding left the bran very 

thick, and necessitated its being reground. For several 

years this was done with millstones, but this was sacri- 

ficing the quality of the second and third grades of 

flour with a view of making more and more patent. 

Every increase in the quantity of middlings necessi- 

tated more purifiers being employed, finer bolting | 
cloths, and greater perfection in stone dressing, as well 

as more careful attention being paid to their system of | 
separations—and many live millers spent freely one 

month what they made the month before, and a good 

many of them what they also expected to make for 

several months to come. This, however, was not true | 
of all millers. In those days, as in the present, there | 
were not a few who said they were only waiting, and 
their time would come when the new process had fallen 
flat, and they would then make (heiy improvements; 
some of these millers are still waiting. 

The large percentage of middlings thus produced 
had the germ and pieces of broken wheat mingled with 
it. These were too valuable to be wasted, and purify- 
ing them would not es them to be made 
into a high grade of flour. A new departure was there- 
fore necessary, and smooth rolls were introduced to 
break these down, to release the flour particles and 
flatten the dirt so that it could be removed by reels and 
purifiers. This gave another boom tothe mill-furnish- 
ing trade; and although it reduced the bank account 
of the miller at first, yet it was such a success from the 
start that it gave the miller heart to overcome the next 
difficulty by which he was faced. 

A better method was required for cleaning bran, and 
this led to the introduction of corrugated rolls for the 
purpose. These were taken into favor more rapidly | 
than any machinery required for the other intermediate | 
steps had been, and their use became general about 
the year 1880. In this year the Milling Exposition was 
held at Cincinnati, and the best system of purification 
came to the front. You may have thought that I had 
forgotten this branch of the subject; but neither I nor 
any other American tiller is likely to forget that. The | 
success of Mr. Christian and Mr. Pillsbury and others 
in their introduction of purifiers had drawn the atten- 
tion of inventors throughout America to the fact that 
a sure fortune awaited them if they could invent 
really first-class purifier; and every week or so at this 
time, a new machine was offered to the trade which was 
bound to make the miller’s fortune if he only adopted 
it; and guarantees were freely given as to the results 
these machines would produce, and that they were no | 
infringement of existing patents. This continued until | 
more than fifty different purifiers were in the market. | 
I need not say more on this subject than that most of | 
these machines had a short life, and that millers found | 
to their sorrow the worthlessness of the guarantees | 
which had been given. 

The question of purification is now understood by 
American millers to be one of the first importance; and 
the more they study it, the more they see how much | 
difficulty there is in economically accomplishing perfect 
purification, And there is no doubt the difficulty and | 
expense arising from this part of the process had de- 
layed the general adoption of high milling for a long 
time, as, intheir effort to save money, many millers 
had bought cheap machines several times over before 


* A paper read before the National Association of British and Iris 
Millers, in Glasgow, 1885. 


| while the dirt is in them will give good flour. 


._? | less perfectly understood. 
which 


country from some mistakes | 


| doubtedly it is expensive to 


Practi- 
cally you might as well have reduced the wheat to 
tiour in the first instance, for without perfect puritica- 
tion nearly all you might have gained by gradual 
reduction is lost. This fact got to be well understood 
by the best American millers while they were still 


| reducing their wheat by stones; and this, together with 


the improved system of bolting which had been arrived 
at, made the introduction of corrugated rolls for re- 
ducing wheat a much less difficult undertaking than it 
would have been had purification and separation been 
The reason for this is very 
plain, for in not a few mills they had to make almost 
no changes in their bolting and purifying machinery, 
and had only to substitute corrugated rolls for the 
millstones hitherto used. This change produced a 
great saving of power, and required but a short stop- 
page of the mill. In reference to the power saved, I 
can give iy own experience in a case where the only 
change that had to be made was the substitution of the 
rolls for millstones, every other part of the machinery 
remaining. In this case the out-put was more than 
doubled with the same power. 

The subject of cleaning wheat had also received 
much attention during these nine years, and millers 
reached two conclusions, broadly speaking. The one 
was that it was necessary to clean the wheat thoroughly 
from all impurities without disturbing the bran, and 
the other that this could be accomplished best by 
using separate machines for each part of the process. 
Thus separators, smutters, brush machines, and cockle 
cylinders came to be regarded as essentials in any mill 
claiming to make good flour, and the days of using one 
combined machine for the entire cleaning of wheat 
ceased altogether. 

In the foregoing account of the changes in our rnills 
I have not mentioned many of the experimental ma- 
chines that were adopted only for a short time—such as 
smooth rolls, for first breaking the wheat and then 
passing it to stones; corrugated rolls, for breaking 
wheat before passing it on to stones; small stones, 16 
inches diameter, for reducing wheat; iron disks, for 
reduction of wheat, which met with more favor than 
some of the others mentioned here; disintegrators, for 
wheat and bran; also wheat heaters, many different 
makes of which were experimented with. By mention- 
ing wheat heaters in this connection I do not mean to 
condemn their use, for I believe a wheat heater which 
would give an equal heat throughout the body of wheat 
would be a desirable machine. 

We come now to speak of the system at present 
generally adopted in the States, and which has now 
been at work a sufficient length of time to demonstrate 
its success on all kinds and conditions of wheat, and 
under all changes of climate. So far as my knowledge 
extends, there is nota single mill in the States, with an 
average production of twenty-five barrels per day, that 
is not using thesystem of gradual reduction and puri- 
fication. There are not ten, that I know of, making 
this quantity, which are not making their reduction 
by rollers. ‘There are, of course, many mills that have 
not been overhauled that are doing a little work in 
gristing; but of those which are doing merchant work, 
those millers who will not overhaul have to quit. I 
say this to you, because several times since I have been 
on this side of the water such questions as these have 
been asked: 

‘‘ Is roller milling a success ?” 

‘** Will it do on winter wheats ?” 

* Will it work on soft wheat ?” 

‘** Will it do good work on wet wheat ?” 

‘Do not you think it has seen its best days?” 

These questions are probably suggested to thought- 
ful men as well as those who .desire an excuse for 
delaying to make changes, and also to those who think 
a dollar in their hands is worth ten in some one else's, 
on account of the failures that occur now and then 
among millers having the roller system. I would ask, 
Was there ever a time in stone milling when there were 
not occasional failures among millers? In the United 
Kingdom it is found that speculation is more often the 
cause of failure among millers than anythingelse. Un- 
build a roller mill, and 
every locality does not offer the trade to warrant the 
outlay being incurred, and it is not every miller that 
has the necessary capital to spare to buy a good roller 
plant, and a poor roller plant is dear at any price. 
Sometimes, too, itis found in the States that roller 
mills built in consequence of the glowing accounts, 


| given by the salesmen of mill furnishers, of the great 


profits immediately to be realized, do not turn out as 
was expected; for even these gentlemen have been 
known tg make mistakes, I am sorry to say. 

One other fact is, that youcan buy a voller plant and 


| yet not get a roller mill. 


You may have all the rolls, purifiers, bolting reels, 
centrifugals, and wheat cleaning machinery, and yet be 
along way from a profit. A complete system of hand- 
ling the separations may still be absent, for no mere 
“rule of thumb ” will do in planning for high milling 
separations. 

PROGRAMME. 


The programme, therefore, of the separations is a 
thing which wants to be studied before even a brick is 


| laid, if you are building a new mill, and when you have 


got that to satisfy you, and see exactly what machines 
will be required to carry them out thoroughly, you can 
then begin to design your building to contain these 
machines to the best advantage. 

But even a well programmed mill, with the best of 
machinery, requires ‘* brains” to run it; and the opera- 
tive miller must be a man with all his wits about him, 
who takes a genuine interest in his work, and seeks to 
make every machine run asthe manufacturer intend- 
ed it. 

CORRUGATIONS. 


In the selection of machinery for a roller piaut, the 
first question to be decided probably is, What corruga- 
tion shall I employ? In the States there are two classes 
of corrugation claiming the attention of the public: the 
sharp corrugation, which first gained its reputation on 
the harder spring wheats, and the round, or Stevens, 
corrugation, which was first introduced on softer 
wheats, bat has since been adopted also by many hard 


are more or less modifications of these. Some of these 


| rugation. 
ROLL ADJUSTMENTS. 


The next point to be attended to is the adjustment 
of the rolls—a point which in many cases has not pe. 
ceived the attention it deserves, for in not a few mills 
| the whole strain is thrown on some trumpery little 

bracket utterly unfit to receive it, while a massive iron 

| framework is introduced in other parts where there ig 
|no strain at all tocontend with. Those who have care. 
| fully examined the action of various makes of roller 
| mills will bear me out when I say that very few of them 
| are so constructed that they keep their adjustments, 
as to alignment, when the wheat is let on, however 
nicely they may have been adjusted while they were 
empty. 


SCALPERS. 


As to sealpers, experience has led some in the States 
| to believe that in no case can ordinary centrifugals be 
advantageously employed for ——— as the beaters 
break up the sharper portions of the chop. 


SEPARATIONS. 


With reference to separations, it is well established 
that certain of these can be best accomplished on 
| ordinary reels, while in many separations the centrifu- 
gal is a very great gain, and is practically indispensable 
| to produce best results. 


CENTRIFUGALS. 


With regard to this, however, the main difficulty is 
that many makes of centrifugals in America do not give 
|'an even dress to the flour on both sides of the reel, 
| Millers will acknowledge that this is a very important 
| point, and they can test for themselves whether the 
machines they are using give this result or not. Ex- 

periments with centrifugals have shown that the best 
| work is done where the material travels in a direct line 
from the face of the beater to the surface of the silk, 
thereby equalizing the quantity and quality of the 
dress round the whole periphery of the reel; the more 
perfectly the air is excluded from the reel, the more per- 
fectly thisis attained. The introduction of air intoa 
reel makes the beaters act as fan blades, and drives the 
specks through as well as the flour. Another difficulty 
to be contended with is the tendency to accumulation 
of the material in the bottom of the reel, thus decreas- 
ing its capacity and increasing the wear of the cloth. 


DOUBLE WORM CONVEYERS. 


The importance of double worm conveyers to give 
an easy control of the cut-off is universally ae- 
knowledged. in the States, while in many European 
mills the importance of the adjuncts has yet to be ap- 
preciated, There may be a few reels in a mill in which 
you can do with asingle conveyer; in the majority of 
reels, however, a double conveyer is absolutely indis- 
pensable to good results. 

In the use of centrifugals, builders generally have 
found the advantage of having the conveyers side by 
side, with a perfect adjustable cut-off, to avoid leakage 
| between them, and enable the operator to make an ab 
| solute separation wherever the slides are set, and thus 
|prevent the uncertainty of a perfect division of pro- 
ducts so often found in double worms one above the 
other. The admission of air into centrifugals greatly 
increases this difficulty. 

The large amount of bolting done in the short length 
of a centrifugal reel makes this a matter of more im- 
portance than would at first sight appear, as according 
to the proportion that this certain or uncertain cut-off 
bears to the whole length of the reel, so is its money 
value increased or diminished. Thus if the uncertain 
cut-off extends 12 inches on a reel six feet long, one 
sixth of the whole capacity is practically useless. 


PURIFIERS. 


Of purifiers, as a representative of the Geo. T. Smith 
Middlings Purifier Company, I would desire to say but 
little, but one essential point to obtain a perfect puri- 
fication is that a sufficient quantity of material should 
be fed to the machine to thoroughly and evenly stock 
it at all times, and under all conditions of grain or at- 
mosphere. This may require returns from the machine 
itself to itself, but it may be generally made to come 
from other machines. Another feature that should be 
carefully observed to avoid waste, is that middlings 
| should not be handled after dusting before passing to 
the purifier, especially by worm conveyers. ‘This is 
one reason why a programme should be made before 
the mill is built, so as to avoid the use of worms in con- 
veying the middlings. It may be well also to note that 
a good deal of difficulty is often experienced in mills 
from the fifth break middlings in asix-break mill being 
run in with the other middlings, whereas from their 
different character they require separate treatment. 


REDUCTION OF MIDDLINGS. 


The reduction of middlings can be accomplished 
either by stones or rolls. Some millers find it hard to 
understand how any one who has tried rolls for his mid- 
dlings can be contented to use millstones; and the per- 
sistency with which many whom they consider g¢ 
millers adhere to millstones for middlings reduction, 
after having experimented with every kind of rolls, 
gives rise to a good deal of wonder, as every one agrees 
that middlings reduced on rolls produce a flour of much 
better color than any millstone could. This is true a 
to color, especially if the purification is imperfect, a 
the use of millstones on impure middlings is certain de- 
struction to the flour. May not the explanation be that 
those who use millstones regard color as only one factor 
in the question? Anyone who cares to make the eX 
periment will, I think, find that middlings perfectly 
purified, reduced on millstones, will give a sweeter 
flour, and one which retains the moisture longer wheD 
baked, although is has a yellower tinge than the flour 
from the same product reduced on rolls. Is not the 
cause of this that, after having obtained the most per 
| feet purification possible, there always remains among 
|the middlings some proportion of germ of these 
| size as the middlings? Vhen reduced on millstones, tis 
germ is also reduced and incorporated with the flour, 
giving it sweetness and a yellowish tinge; whe aan 
when reduced on rolls the germ is flattened out am 


| 
. wheat millers; and there are various corrugations which | eliminated in the apie ye When the flour * 


intended for family use, that produced in this way 
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erred on account of these qualities, as the bread 
when baked shows as good a co/or as the roller flour, | 
and in addition has this sweetness and retains its moist- 
ure. Scratch rolls produce in some degree the same 
effect as millstones; but the reason why so many mill- 
ers prefer millstones is because of their large capacity | 
d the consequent saving of space in the mill, and as 
many mills have millstones already in them. Where 
color is the one thing aimed at, rolls will always have | 
the preference. I do not desire to be misunderstood; | | 
am not an advocate of stones against rolls. I have only | 
sought to explain why I think the one is preferred in 
some cases to the other. The experiment I have sug- 
gested will enable every miller to ascertain for himself 
whether | am right in my conclusions, and he can then 
make his reductions in the way that will best suit his 
trade. 
LOW GRADE. 

The treatment of low grade is perhaps the most diffi- 

cult problem which the miller has to face. Too many mill- 


to cause flame, the pipes had undoubtedly charred the 
wood in immediate contact, besides drying and heating 
all the surrounding materials. With such a condition 
of things, the smallest spark will start a fire which, 
except for the inflammable state of the woodwork, 
would have otherwise proved harmless. It is this indirect 
danger, which practically is of as much moment as an 
immediate one, that makes the question of steam pipe 
laying of so much importance; for with charred wood 
and tinder-like particles of dust freely distributed 
throughout a building, the precautions followed in a 
gunpowder factory are none too severe if absolute safety 
would be assured.” 


CONTINUOUS EXTRACTION OF SOLID SUB- 
STANCES BY VOLATILE SOLVENTS. 


By GEORGE STILLINGFLEET JOHNSON. 


THE apparatus devised by Tollens for the estimation 


ers are content to produce the low grade and then to begin 
to think how to treat it. Probably the better plan is 
to begin to prepare for it at the commencement of the 


of fixed oils in plants, and figured on p, 100 of Mr. 
| Greenish’s translation of Prof. Dragendorff's Plant 
| Analysis,” suggested to me the following arrange- 


process, and to finish in the early stages all the dirty | ment, which has been found very convenient for labor- 


portions possible, rather than to wait till you have a 
variety of products to treat together as low grade. 
DUST COLLECTION. 

The subject of dust collection has received great at- 
tention in the States during the past few years, and 
most of our better grade of mills now have automatic 
dust collectors for the purifiers; both from the points 
of view of safety and economy this has been a great 
step in advance. 

PACKERS. 


| atory use. 

| Fig. C isa rough sketch showing the essential por- 
| tions of Tollens’ apparatus. The substance to be ex- 
tracted is confined in the tube, a, which rests below 
upon a piece of curved glass rod, 7; 0} is a condensing 
tube, which is of course surrounded by cold water, the 
condensed vapor of the solvent dropping back upon 
the substance in the tube, @, and then into the flask, C. 
| The chief difficulty which I encountered in working 
with Tollens’ apparatus was that the vapor of the boil- 
ing solvent in the flask, C, was constantly blocking 


In American mills the flour is packed by automatic | back the condensed solvent from above, thus hindering 
machines into either bags or barrels ready for delivery, | its return into the flask, and also into the tube con- 


and as in all cases these mills are fitted up to be an- | 


taining the substance to be extracted, from the con- 


tomatic, the number of men required to work them is | denser. 


reduced to a minimum. | 

One essential in the favorable working of the mill, 
when the machinery is of the best, and the programme | 
as near perfection as possible, and the operative mill- | 
ers thoroughly up to their work, is that provision 
should be made in the elevators and spouting to avoid 
choking, and thereby avoid the necessity of shutting 
down a mill, as this is wasteful, and it is difficult to 
bring it readily back to perfect work. 

It is no uncommon thing to meet with millers who 
say that when they go into a mill they can judge of the 
work it is making by examining some particular pro- 
duet. In America it used to be the bran-heap, and | 
understand that in this country it frequently is so to- 
day. It does not need imuch reflection to show that 
you may.so overdo the cleaning of your bran as to 
largely reduce the value of your flour. The same 
holds true of the middlings. In my experience I have 
found the working of a mill depends on so many parts | 
of the process, each contingent on the other, that 
where the results of any one part of the process are not 
satisfactory, the shortest way to find out what is at 
fault is to begin with the motive power, see that it is 
up to speed, look at the wheat cleaning, the breaks, 
the separations, purifications, and reductions, before 
you can deal effectually with the point which seems to 
be at fault. When flour is found to be specky, some 
millers at once attribute it te the numbers of the silk 
being wrong, and want a change made there; but it 
quite as often arises from the way in which some por- 
tion of the reduction is made, and can be cured by ad- 
justing this; or it may arise from imperfect wheat 
cleaning, or various other causes 

In conclusion, to make roller milling a success the 
following are the requirements: 

ist. Location. 

2d. Good wheat cleaning. 

3d. Perfect reductions on machinery capable of fine 
adjustment. 

4th. A perfect arrangement of separations. 

5th. A perfect purification. 

6th. Such a construction as enables the operator to 
have a perfect control of his work. 

Last, but not least, 

An operator who knows what he is about. 

In the proportion to which the mill attains to these 

uirements, so it will be a financial success. 

he president said that this was a paper on which 
there was to be really no discussion. It had conveyed 
to them, no doubt, much information regarding Ameri- 
ean roller milling, but they had now the paper in their 
hands, which they would be able to read over again 
and truly digest; he thought there was hardly room 
for discussion. (Applause. ) 

On the motion of the president, Mr. Clark was accord- 
ed a hearty vote of thanks for his paper. 


FIRES FROM STEAM PIPES. 


THE Jron Age takes this conservative position as to 
the possibility of hot steam pipes setting fire to a build 
ing: ‘A great deal of misinformation exists concern- 
ing the danger-arising from the careless disposition of 
steam pipes. It is often asserted that fires are caused 
by the steam pipes used to convey the steam for heat- 
ing a building coming in contact with wood or other 
combustible bodies. The fact is that while there is much 
danger from improperly protected steam pipes, due to 
the charring of the adjacent wood, it may well be 
doubted if the temperature of the pipe in ordinary 
circumstances can ever rise sufficiently Righ to set fire 
to the wood, whether charred or uncharred. The 


Fig. A shows the apparatus by which this difficulty 
was overcome, while Fig. B shows the essential parts 
of the apparatus freed from corks, ete. 


In Fig. A, a is the flask for the soivent, D is the ap- 
paratus in which the extraction takes place, while c is 
an inverted Liebig’s condenser. 

The peculiarities of the extraction apparatus are best 
understood by reference to Fig. B. 

In Fig. B, the tube, a, is for the reception of the solid 
to be extracted. The internal diameter of @ may be 
about half an inch. It is drawn out below till the in- 
ternal diameter of the constricted portion is about one- 
eighth of an inch, and the constricted portion is pro- 
longed till it reaches nearly to the bottom of the flask 
for the solvent. 

A plug of asbestos or glass-wool in the constricted 
portion of @ prevents mechanical transference of sus- 
pended solid matter into the flask for the solvent. 

The tube, a, which has thus been described fits loose- 
ly into the tube, b, whose internal diameter may be 
about three-quarters of an inch, and its constricted 

ortion one-quarter of an inch in internal diameter. 

he constricted portion of the tube, }, just enters the 
top of the flask for the solvent, into which it fits air- 
tight by a perforated cork. The upper orifice of b also 


ressure of the steam employed for heating is usually 
low 60 pounds, and may safely be said to never rise 
above 100 pounds, per square inch. At this high pres- 
sure the temperature of the steam is but 338° F., which 
's Insufficient to produce actual combustion under 
ary conditions. We think this sufficiently proves 
at steam pipes can never be the immediate cause of 
Tes, but we would not have our readers understand 
= -— is any the less danger in their careless arrange- 
i » A case is reported by the daily press of this 
afte where a fire occurred in a private residence, and, 
ane extinguished, it was discovered that the 
Di work between the partitions where the steam 
thet ran was scorched, which, taken together with 
© fact that the fire originated in the partition wall, 

t pee to our contemporary conclusive evidence 
= “~y Was caused by the heated pipes igniting the 
Though not of a temperature sufficiently high 


bears a cork perforated with two holes, one of which 
| admits the tube, c, through which the vapor of the vo- 
|latile solvent finds access to the condenser, while the 
| other gives entrance to the tube, d, which conveys the 
|eondensed solvent back from the condenser into the 
tube, a, containing the substance to be extracted. The 
tubes, c and d, enter the central tube of the condenser 
by a perforated cork. 

The vapor of the boiling solvent finds an easy pass- 
age between the tubes, a@and b, and the condensed 
' solvent gets back into the flask down the tube, a, with- 
out being intercepted by vapor from below. Also, the 
tube, d (Fig. B), opening just inside the cork in the 
condenser tube, [ope om accumulation of liquid in the 
|latter,so that the apparatus, when once s con- 

tinues to work automatically. 
| King’s College, London, July 15, 1885. 
News, 
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TOMMASI AND RADIGUET'S PILE. 


THE accompanying figure shows the arrangement of 
Messrs. Tommasi and Radiguet’s pile. The positive 
electrode consists of a carbon rod covered beneath with 
a paste of peroxide of lead, which is protected by a 
wrapping of cotton. This rod is inserted ina noride. 
ated carbon tube that forms the negative electrode. 
The whole is placed in a glass vessel filled with broken 
retort coke and a saturated solution of chloride of 
sodium. The eleetromotive force of this element is 
about 0°6 volt. 

This pile is incapable of furnishing continuous work, 


E. 


but its duration is considerable when but slight service 
is required of it. It is easily kept in repair and started, 
however, and it is cheap. It does not give rise to creep- 
ing salts, and oxidizes’ neither the terminals nor the 
binding screws. When it has been left to itself for 
some time, itis only necessary to put water into the 
dry elements in order to start it in operation, without 
any repair or cleaning. It appears to be well adapted 
for use with call bells.—Science et Nature. 


APPARATUS FOR SHOWING THE ELECTRO- 
MAGNETIC ROTATION OF ELECTROLYTES.* 
By Dr. G. Gork, F.R.S. 


THIS apparatus was devised and used for the purpose 
of investigating the influence of magnetism upon an 
electrolyte conveying a vertical electric current in the 


| interior of a hollow and vertical electro-magnet. 


A is a glass vessel 8 in. high and 2 in. diameter, 


nearly filled with an acidulated solution of cupric sul- 


phate. B,aspiral ribbon of thin sheet copper \ in. 
wide wholly immersed in the liquid, and used as an 
anode by means of the connecting wire and binding 
screw attached to it. C,a similar spiral, used as a 
cathode, its connecting strip being passed through a 
hole in the side of the vessel and secured water-tight 
by means of sealing-wax. D, an aunular metal table 


with three legs, used to support a coil of wire. E, a 
coil of moderately stout insulated copper wire, about 
2or3in. in height. F,a ager od flat vane of sheet 
copper, covered completely with varnish, and sup- 

rted by a fine silk fiber. G, a vane of white card- 
»oard, blackened on one-half of each side, and attached 
to the fiber, in order to render manifest at a distance 
the rotation of the lower vane. H, a brass tube, sup- 
ported by and sliding vertically upon a brass rod, I, 
and having upon its arm a on ae tube of India 
rubber, used asaroller to which the silk fiber is at- 
tached, and by which the position of the lower vane 
isadjusted. For lecture purposes a much larger model 
of the ap tus is desirable. 

With this apparatus and an electric current from 


* Read before the Birmingham Philosophical Scciety, June 11, 1888, 
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two or three Grove cells passing through the liquid 
and the coil, rotation of certain portions of the liquid 
takes place. Opposite the central part of the coil, 
and ata point a qheet distance above the level of its 
upper end, and at another point at an equal distance 
below its lower end, no rotation of the liquid occurs. 
With a downward current in the liquid and a south 
pole at the upper end of the coil, as produced by the 
direction of current shown in the sketch, the liquid on 
a level with the top of the coil, and also that portion 
of it immediately below the lower neutral point, re- 
volves in a dextro direction, while that on a level with 
the bottom end of the coil, and that portion immedi- 
ately above the upper neutral point, moves in a levo 
one. As a matter of course, reversing the direction, 
either of the current in the coil or of that in the liquid, 
reverses the directions of rotation, while reversing the 
direction of current in both does not alter them. 

Too strong a downward current in the liquid causes 
streams of light liquid, exhausted of metal, to rise from 
the lower electrode and disturb the rotation of the 


streets of Cleveland. 
Bentley-Knight Electrie 
city, whose system has been used in Cleveland, and is 
here illustrated, a comparative summary of the cost 
and maintenance of an electric, horse, and cable rail 
way is given, as follows: 


ESTIMATE FOR NEWLY CONSTRUCTED LINES. 


$162,000 
* eable road...... 414,750 


ANNUAL EXPENSE OF MOTIVE POWRR FOR 


Electric roud....... 90,551.50 
ANNUAL SAVING IN COST OF MOTIVE POWER, 
Electricity over horses................ $72,408.50 
Electricity over cables........ 45,088.50 


vane, especially if the vane is not a perfectly flat one; 
and it is advisable to occasionally reverse the direction 
of the current in the solution. The apparatus is suit- 
able for demonstrations of lectures. 


THE BENTLEY-KNIGHT ELECTRIC RAILWAY 
IN CLEVELAND, OHIO. 


EVER since August of last year, the East Cleveland 
(Ohio) Horse Railway Company has substituted elee-| 
tricity for horses as a motive power, and, notwithstand- 
ing most trying ordeals, electricity has proved itself 
successful in every respect. The system employed has | 
the usual stationary engines and dynamos, but the) 
electric conductors are placed in a conduit which runs 
the entire length of the road between the rails. A con- 
ductor, depending from the car, passes through a slot 
in the conduit, and sliding in contact with the station- 
ary conductors, maintains unbroken connection with | 
the source of power. \ 


— 


These calculations are based on the equipping and 
operating of forty cars over five miles of —- track. 

They show the great economy of the electric tramway. 

We expect soon to see a large increase in the number 
of eleetrie street railways in this country. As the com- 

pany point out so clearly in their admirable and con- 

vineing argument, the objections to horse service are 

numerous, while those to cable service are weighty. 

With horses, there are objections relating to inadequacy 
of service at the very time when it is most needed—in 
the depth of winter and when the summer's sun is 
hottest—and the difficulties that arise at such times 
often bring traffic to its minimum or even to a stand- 
still. Other objections relate to costliness and the 
failure to meet the most ordinary ideas of modern 
sanitation and hygiene. Were it not that we might be 
accused of extreme partisanship, we should not hesitate 
to assert that many of the horse car lines of the country 
are objectionable as being nothing more than organized 
systems for inflicting cruelty on animals, human and| 


and the infinite trouble in adding to a plant and eq 
cireuit once laid down. 

It seems to us that whatever may be the future of 
electric railways on the grand seale such as span this 
continent, there can be no doubt that as regards street 
car lines they are destined to have an extended applica. 
tion.—Hlectrical World. 


DUNBLANE CATHEDRAL. 


At the distance of a twelve hours’ railway journey 
from London, and in the fertile and richly wooded 
valley watered by the winding river Allan, which the 
railway in its further northward journey crosses sey- 
eral times, beneath the sunny side of the green Orchij 
hills, lies the ancient cathedral town—little more than 
a village—of Dunblane. The traveler to the Highlands, 
and the tourist intent on_ sight-seeing, instinctively 
turn to the guide book as the fine ruins of this vener- 
able edifice rise on the view from the carriage windows 
at a short distance from the railway, heightened as the 
prospect is by the elevation on which the cathedral 
stands with the flowing river in front. But enchanting 
as such a prospect is, it is too fleeting to gratify the 
tastes of the architect and ecclesiologist, who demand 
a nearer view, and this desire we propose to gratify by 
giving a view of the interior from a drawing by Mr. 
James S. Gibson, of Dundee. 

In very early times Dunbiane was one of the chief 
seats of learning under the Culdees, but was raised to 
— importance by the munificent and enlightened 

avid I., King of Scotland, who made it the seat of a 
bishop, and erected a cathedral in the Norman style, 
of which the lower part of the present isolated tower is 
the only portion now remaining. The circumstances 
which resulted in the destruction of that earlier strue- 
ture are not known, but it is certain that it only stood 
about one hundred years, when it was rebuilt and 

reatly enlarged in 1256 by Clement, bishop of the see, 

his edifice was dismantled at the Reformation, or 
shortly thereafter, and in subsequent times suffered the 
usual fate of such buildings. he western portion or 
nave is now a ruin; but the choir has been roofed and 
seated, and is used as the parish church. The choris- 
ter’s seats, prebendal stalls, and bishop's chair, all 
richly and curiously carved in black oak, are still pre- 
served. These, along with the stalls and screen in the 
collegiate church, Aberdeen, form almost the sole scanty 
specimens of ancient ecclesiastical wood carving re- 
maing in Scotland. Dunblane Cathedral isa fine speci- 
men of First Pointed Gothic, and corresponds chrono- 
logically and architecturally with similar examples in 


he chief features of interest to the architect are to 
be found in the western gable, with its fine windows, 
and the columned arcade of the triforium. These have 
been treated with an ability so marked as to have 
elicited the encomiums of the greatest of art critics. 
Externally the arrangement of the western gable is 
very striking. The doorway is large and richly mould- 
ed, and is flanked on either side by a blind arch of cor- 
responding design. Over the doorway spring three 
very long and narrow two-light lancets of equal height 
and breadth, without cusps, and having a cinquefoil 
in the head of the central window, ard a quatrefoil in 
the head of the side ones. Above these is a graceful 


vesica set within a carved border of bay leaves arrang- 


DUNBLANE CATHEDRAL —DRAWN BY J. B. TYERMAN. 
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: Our illustration shows the cars as they appear on the equine alike. As to the cable railway, there are 
yu wt t 
‘ various serious objections to the great first cost, the 
| , limitation of speed, the waste of power, the collection 
: os of sewage in the conduit, the nevessity to work ing 
4 line as nearly straight as it can be made, the jerkj 
; 
| 
‘ 
BENTLEY-KNIGHT STREET RAILWAY, EAST CLEVELAND, O. 
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~ rigzag with their points touching each other. In- | HYDATID TUMORS IN THE BRAIN. | ses until again a tapeworm, was for a long time en- 
ternally, as shown in the view, the west window ap... |shrouded in mystery; and it was not until compara- 


jle through an elaborate range of slender| A VERY interesting paper on this subject was read | tively recently that all the links in the chain were 


pears visil 


shafts, surmounted by richly moulded arches contain- | in April last before the American Medical Association, | finally united. 
ing foiled cireles running across the gable, and separat- at New Orleans, by Dr. R. Harvey Reed, of Mansfield, In order that our subject proper may be better 
' he window by a passage formed in the thick- Ohio, from which we take the following: | understood,. we will give but a brief outline of the de- 


ed from t | 


ness of the wall, an arrangement which suggests a By the term hydatid. tumors in the brain, we mean f , 
double window, and conveys the impression of extreme | the intra-cranial occurrence of either the echinococcus stage of their development, may form cysts in the 
lightness and grace. This passage is continued at a or the cysticercus cellulose in man. The former is the | brain, or its membranes, of man, From Kichenmeis- 
higher level around the building, and impartsequal ele-| embryo of the tenia echinococcus, which has never | ter, the eminent German authority, we have crystal- 
nee to the triforium arcade, which is also richly | been known to attain maturity, except in the dog. The | lized the following: j J 
shafted and arched. _ | latter is the embryo of the tenia solium, which is most| Division A.—Twnia echinococeus. 1. Is found only 
The cathedral is of great length compared with its | frequently found in man, the hog, the rabbit, but not| in the dog, has but four joints, the last of which con- 
width. The choir has six bays without aisles; the nave | unfrequently in the dog and the common rat; and has} tains the genital organs, and also the ripe eggs. 2. 
has an aisle on each side, and consists of eight bays of been known to exist in the ape, the bear, and the deer. | When these eggs find their way into the stomach of 
arches of unequal width supported on clustered piers.| The history of these strange parasites is only trace-| man, they migrate, as soon as germination takes place, 
The nave aisle windows are plain lancets, and where | able to the oblivion of the unknown; before the time of | through the system and there develop the echinococcus 
tracery exists it is of the simplest character, as in the! Aristotle they were known to be associated with hyda | which first form the so-called mother or brood cysts. 
3. These mother or brood cysts may develop as follows: 
(a) The seolices or heads, directly from the mother 
cysts, when they are called echinococcus scolicipariens, 


velopment of these teniw, which, during a certain 


CATHEDRAL and is frequently known under the name of voter 
= norum, owing to its frequent occurrence in the domes- 

INTERIOR OF NAVE LOOKING WEST. = =- tic animals, and is distinguished from the fact of its 
= having from 28 to 36 hooklets. (6) The mother cysts 


may develop daughter cysts or even granddaughter 
cysts, and from either of these latter cysts may develo 
the scolices, in which case they are called the E. altri- 
ciparians, and from their frequent occurrence in man 
they are also known as the E, hominis, and can be dis- 
tinguished by the fact of their having from 46 to 52 
hooklets. (c) The mother cysts may develop scolices 
is externally, as is generally the case in animals, and from 
Yj = this fact they have received the name of exogens. 
“Ui (d) Or the mother cysts may develop seolices internally, 
My _ as is most frequently the case in man, when they are 
1 Ze i termed endogens. (e) Lastly, the mother cysts may 
not develop scolices at all, when they are known as 
acephalocysts. 

When these cysts or their scolices find their way into 
the stomach of the dog, they develop into the tenia 
echinocoecus; but should they find their way into the 
stomach of any other animal, they will not reach ma- 
turity; although the embryo in the form of hydatid 
cysts will develop in man, as well as others of the 
animal kingdom, and will live in this embryonic state 

for years, or until it destroys the life of its host, yet it 
has only been known to reach maturity when eaten by 

| the dog. 

| Division B.—Tenia solium. 1. It is found in man 
and the hog; and when matured gives off proglottides 
| or the so-called joints, which, like the last segment of 
| the tapeworm of the dog, contains the genital organs 
and the matured eggs. 2. These entire segments, or 
lonly a part of the eggs, may find their way into the 
stomach, from which, in an embryonic state, they mi- 
grate into the system, and there develop into the cys- 
ticercus cellulose, which passes through a series of 
metamorphoses similar to that of the echinococeus. 

The so-called ‘‘ measly ” pork owes its peculiarities to 
the presence of these cysticerci, which, when eaten by 
man or other animals, will develop into a tenia solium, 
or tapeworm. Although we have two distinct species 
of tenia which give rise to hydatid tumors, and furnish 
a wide field for study, yet we do not think a special 
study of either, except so far as they interest us clinie- 
ally, is within the provinee of this paper; and would 
respectfully refer those who care to look up the subject 
in detail, to Kiichenmeister or Leuckart. From a 
clinical standpoint it matters but little which species 
is producing the intrusion on the economy; the results 
to the patients are the same. 

It is true, as a rule, that the cysts or hydatid tumors 
produced by the echinococcus are larger than those 
produced by the cysticerci, yet the latter make up for 
the deficiency in size by multiplicity in numbers. When 
hydatid tumors are opened and their contents examined 
with the microscope, they may be found to contain 
complete scolices or just the seattered hooklets of 
broken and incomplete heads. When scolices cannot 
be found free in the liquid of the cyst, they may be 
found by examining the brood capsule or lining mem- 
brane of the same, except in the case of acephalocysts, 
when no scolices or isolated hooklets can be found. 
These hydatid tumors contain a pale straw-colored 
fluid which usually contains no albumen, is freely 
charged with chloride of sodium, and contains a liberal 
quantity of succinic acid, which is not unfrequently 
found combined with lime or soda; also, traces of grape 
sugar, together with other chemicals, are qonteali 
found present. 

Hydatid cysts of one or the other of these tenia have 
been found in almost all parts of the human economy, 
but especially in the liver, the cellular tissue, the brain, 
the spinal cord, the eye, the spleen, the lungs, kidney, 
supra-renal capsules, heart, and even in the osseous 
system. 

Kuchenmeister, who collected 88 cases of cysticercus 
of the brain, found the cysts 49 times in the mem- 
branes, 6 of which were on the dura mater, 11 on the 
arachnoid, 23 on the pia mater, and 9 on the choroid 
plexus. Fifty-nine on the surface of the cerebrum, 41 
in the cortical substance, 19 in the white substance, 
Wi Eps 18 in the ventricles and aqueduct, 17 in the corpora 

striata and anterior commissure, 15 in the optic thalami 
and gray commissure, 4 in the corpora quadrigemina 
and the pineal gland, twice each in the trigona olfac- 
. toria, corpus callosum, and medulla oblongata, once in 

ry and west window. The building is singu-|tid tumors, and were so regarded by Hippocrates; | he olivary body, and 18 times in the cerebellum. In 
larly free from ornament, for neither in the capitals of | although it was left for Pallas to describe the echino- | the above, 18 per cent. were without any symptoms, in 
the clustered pillars norin the mouldings of the western | coceus as a separate parasite, in 1766, and for Gize to| 6 they were only trifling, in 5 epilepsy alone was pre- 
Thewey do we find any flowering or other enrichment. | observe the same of the cysticereus in 1784. sent, in 4 epilepsy with mental debility, in 15 epilepsy 
i edifice seems to owe its grace and beauty tothe| The Mosaic law, which denounced as uncleen all| with paralytic symptoms, in 24 insanity without epi- 
anttiness and dignity of its design. combined with the | those animals which split the hoof and did not chew) lepsy, of which 7 were without motor or sensory dis- 
pom severe purity of its lines. There is no transept, | the cud, or those which chew the cud and did not split turbances, 17 had lameness, cramps, hemiplegia, para- 
ie the oes it appear that one was ever intended; neither | the hoof, was undoubtedly based on the existence of | lysis, and muscularftwitchings, while out of all only 24 
cond ots any appearance of a tower proper to the pre-| these parasites, for it is a well known fact that the | had epilepsy. - 
of te ructure. The bishop's a stood to the south hog, and a species of hare common in the East, were; The size and growth of these hydatid tumors vary 

“reg cathedral, but only slight traces of it now re-| particularly rife with the disease produced by these | according to the space afforded them for development. 

pry he cathedral contains many interesting sepul-' parasites. Nor were all the animals conaiinaall clean | It seems that their size depends more on the pliability 
monuments to bishops and persons of nobility by the Mosaic law even free from this loathsome dis-| of the tissues rather than the quantity and quality of 

bo distinetion. To the architect, the antiquarian, | ease; for we find, on referring to the older works on | the nourishment furnished. The danger attending the 
tereet nee owiat alike, Dunblane is replete with in- | sheep husbandry, the same disease treated of under the | presence of these hydatid tumors depends very much 
will rj worthy of close attention and study, and synonyms of * turnstick,” “sturdy, ‘staggers. and on their location and size. When they oceur in the 
by M chly re ay a visit. We also give a general view | more recently as ‘hydatid polycephalis cerebralis ; * | subcutaneous cellular tissue, it is not attended with any 
yY Mr. J. B. l'yerman.—The Building News. which proved to be very fatal in the flocks where it| great danger. I know of a young man who is under 

Ta ; SSS prevailed, and was described as a many-headed hyda-|the care of my friend Dr. J. W. Craig, in whom they 

E painful burn produced by nitric acid may be | tid, each of which was mounted with a disk of sharp! can be counted by hundreds, notwithstanding the doe- 
Seessfully treated by a dilute solution of sulphurous | hooklets. The development of these parasites from | tor has cut out several scores arent Wi te the 


4pplied instantaneously. the tapeworm through all their multiple metamorpho-’ young man is apparently in good heal 
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occur in the muscular tissue, they become more and 
more injurious in proportion to their depth and the 
importance of the structures involved. Their oceur 
rence in the anterior chamber of the eye may not occa- 
sion any grave symptoms, but when they oceur in the 
posterior chamber, the vitreous, the retina, or under 
the retina, as observed by Sémmering, Schott, Von 
Graefe, Mackenzie, Baum, Esthlin Sickel, and others, 
they produce the most serious trouble. When they 
locate themselves in the brain or its membranes, they 
occasion a multitude of symptoms, which are modified 


by their location. 

Dr. Reed, after citing numerous cases, containing 
much valuable information, reaches the following 
conclusions: 


The frequency of this disease depends on at least | 


three factors: 1. The prevalence of making dogs house- 
hold pets, as in Iceland, where it is estimated by some 
writers that at least one-tenth of the population suffer 
from echinococeci, which is undoubtedly due to this 
cause. 2 The eating‘of half-cooked ‘measly pork,” 
which gives rise to numerous tapeworms, and they in 
turn to the cysticerei. 3. The filthy habits of many, 
together with the increase of population, which neces- 
sitates the close commingling of all classes. 

Hydatid tumors are found to be more frequent in old 
persons than in young persons, although they may 


occur at any age, and are more apt to be found among 
the poorer members of the population than among 
those in affluent circumstances, but sex does not appear 
to make any difference as to their frequency. The 
tapeworm and its embryo may exist in the same per- 
son at the saine time, or a tapeworm and the echino- 
coccus may exist in the same subject at the same time, | 
but a tenia echinococeus and its embryo never have 
been known to exist in man at the same time. The 
yrognosis in this disease as a rule is unfavorable when 
it is intra-cranial; only a few such cases of recovery are 
on record. 

The treatment of these cases is also very unsatisfac- 
tory so far as therapeutic remedies are concerned, The} 
salts of mercury and iodide of potassium have been, 
however, liberally used, with a view of destroying 
them by their antiparasitic effects, as well as for their 
alterative virtues. ‘Tr, of Kamala, in doses of from 30 
to 40 drops three times a day, has been used freely 
with some reputation for good. Eleetricity has filled 
its place in the catalogue of remedies used in this 
malady, with a questionable reputation, 

When accessible, the most positive benefits are de- 
rived from surgical interference, by which the cysts 
are emptied, by laying them open with the bistoury; 
and now that surgeons are beginning to deal with the 
brain as with other parts of the human economy, and 
more and more liberties are taken with it annually, it 
is hoped that sufferers from this dreadful disease may 
find a souree of relief ere long at the hands of the skill- 
ful surgeon. } 

Although this disease, except in Teeland, is compara- | 
tively rare, and perhaps more so in America than in 
continental Europe, yet Dr. Osler states, in regard to 
the echinococecus disease in America, that he has col 
lected from various sources 61 cases. (See Transactions 
of Canada Med, Association, 1882, p. 354.) 

With the steady increase of our population, unless 
active preventive measures are inaugurated, we must 
expect a corresponding increase in this disease, which 
will steal in on us as a thief in the night, and cause 
many a premature death, unless we remove the causes 
which favor its production and development, viz., dogs 
as household pets, the use of half-cooked unhealthy 
pork, together with all general unsanitary surround- 
ings. 


THE VULTURE TURTLE AT THE BERLIN! 
AQUARIUM. | 


THE vulture turtle (Macroclemmys temminckii, | 
known in the United States as the snapping turtle) of 


THE VULTURE TURTLE, 


edge it is of a darker color than in the central portion 
of the back. The head, feet, and tail are provided with 
hard, brownish projections, which serve to protect 
these members more or less during combats with other 
animals, The feet have sharp claws, which are used 
with great dexterity by the animal. The upper and 
lower jaws are sharp and hook-shaped, like the beak 
of a bird of prey. The eye is provided with a horny 
lid, which serves as a perfect covering and protector 
for the same.—ZJd/ustrirte Zeitung. 


HOW TO MAKE A HERBARIUM. 
To the Editor of the Scientific American Supplement : 

In your last issue of the SuPPLEMENT, I read, with 
pleasure, the article entitled, ‘* How to Form a Herba- 
rium.” 

Having for a number of years collected and prepared 
plants for a herbarium, | take the liberty of inclosing 
asketch of the press which I made for pressing my 
plants. 


| 


Seale—1 inch = inch. 


A and A’ are 16 in. high. 4 in. wide, and 14 in. thick, 
mortised at a, a, a, @, to admit cross pieces, B and F. 

C and C’ are supports for B, and are 10 in. long, 14¢ in. 
wide, and 1 in. thick. 

B is 1544 in. long and 10 in. wide. 


E “ 9 “ 4 “ 


H,a ag of iron countersunk to admit bottom of 
screw, I. 

I, a one-inch serew, with thread for about 12 inches, 
and the head, M, through which the bar, L, slides. 

J and K, nuts. 

N represents the pads or books under pressure. 


== 


iron. A cast iron bench-screw, which can be obtaj 

at any hardware store, will of course answer the same 
purpose. 
| It is essential to let the bottom piece, B, and the 
head piece, F, into the sides, A and A’. The cover, R 
| fits loosely, so as to slide easily between the perpendie 
ulars. The top, G, although not essential, tends gj 
keep the screw from shaking. The nut, K, me 
gui ° the screw, all the pressure bearing on the 
| nut, J. 

The press could easily be modified by securing the 
serew to the cover, D, by means of a collar, so as tg 
raise the cover upon raising the screw ; the cover shoul@ 
then have guides at each end. 

For driers, I found pads or books made by stite 
pieces of unsized carpet papers—the thick gray Rie 
which approaches blotting paper in texture, is preferg- 

| ble—very convenient. It is best to make them of four 
— folded once, so as to hold seven plants, or more, 
f several be placed in each opening. 

The plants to be pressed are placed neatly in double 
sheets of paper, the poorest quality newspaper 
answering the purpose best, and are then placed 
between the leaves of the driers ; it is best to plaege 
within each folded sheet a slip of paper, bearing na 
locality, and date when found. The plants whieh 
remain within the sheet may then be laid away until 
it is convenient to mount them on proper paper. 

In mounting plants it is povlerahte to mount but one 
species on the same page, and to have loose sheets, and 
not a bound herbarium; the plants then ean be 
arranged in their proper orders, and new specimens 
ean always be placed where they belong, 

The following is the manner in which I name the 
specimens : 


32. Melilotus alba. Perth Amboy, N. J. 
White Melilot. Aug. 5, 1885. 


The number has reference to the order, as arranged 
in Gray’s ** Manual of Botany.” The number should 
also be placed on the slip. ROBERT PALM. 

Newark, N. J., August 11, 1885. 
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( i | the Berlin aquarium measures one yard and three | The frame of the press consists entirely of wood, J 
: inches from its nose to the end of its tail, and nineteen | used white pine, and the screw and cross-bar of wroy 
inches across its back. Its back is shaped in a peculiar 
: manner, and resembles the tiles of a roof; around the 
| 
= 
= 
= 
= | Ss 
| 
| 
\ \ f ~ 


e the 


om the 
Price, 
n liked 


yearly, 
$3.50 


r 


\ 
 PPLE- 


ts, and 


of the 


